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mm tida Motors! 


O MACHINE KNOWN can du- 
N plicate the skill of Sam 
Meister, left, of Allis-Chalmers 
Norwood Works. 

Holding an acetylene torch in 
his right hand, a silver alloy rod 
in his left, Sam silver-brazes end 
connections of Allis-Chalmers’ “In- 
destructible Rotor.” 

Round and round the connec- 
tions he works — expertly flowing 
in molten alloy to form a joined 
structure that can withstand as 
much heat as though it were a 
single die-casting. 

No machine can do that job — 
and no machine can fully test how 
well it is done. 

There’s only one test . . . wait 5, 
10, 15 years and see, 

And that’s the test in which Allis- 
Chalmers motors have proved over 
the years that they’re great motors. 
That’s why you hear it said so 
often: “You can depend on Allis- 
Chalmers Motors!” 

° J * 

YES, HUNDREDS of Allis-Chalmers 
men—craftsmen like Sam Meister 
— know they have a big personal 
stake in every Allis-Chalmers mo- 
tor. When they build a great motor 
for you, they're making a friend 
...and they know that’s something | 
no company and its workers can 
have too many of. 

Next time you need great mo- 
tors contact our district office. Or 
write direct to ALLIS-CHALMERS, 


MILWAUKEE 1, WISCONSIN. 
A 1730 





WE WORK FO 


VICTORY 


B Tune in the Boston Symphony, Blue 
Network, Saturday at 8:30 pm, EWT. 


‘8 DEPEND ON ALLIS-CHALMERS MOTORS 
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Announcing a SELE-SENED BEAR 


for wider application .. . 





. . «+ AND in addition 


a method is provided in these bearings whereby fresh does it involve the use of nipples, grease passages, 
lubricant can quickly revitalize the old, thus vastly plugs or removable seals. Further details will gladly 


extending their utility, and particularly where operat- be sent upon request. Ask for pamphlet IB. 


ing conditions are unusually severe. 


This method of refreshing the lubricant does not re- 


quire removal of the bearing from the housing. Neither 


NEW DEPARTURE «© DIVISION OF GENERAL MOTORS CORPORATION ¢ BRISTOL, CONNECTICU! 
Sales Branches: DETROIT, G. M. Bidg., Trinity 2-4700 e CHICAGO, 230 N. Michigan Ave., State 5454 . te ANGELES, 5035 Gifford Ave,, Kimball 7161 


The originator and largest maker 
of self-sealed ball bearings 
offers further improvements, ad- 
vanced design, for an even great- 
er range of operating conditions. 


Since New Departure introduced the first self-sealed ball 
bearings less than two decades ago, pyramiding demands 
have required the production by this company of more than 
75 millions of these bearings. Better than words, such figures 
tell the story of the excellent service ND-seal bearings have 


delivered in virtually every kind of industry. 


But, New Departure has never been content to let “good 
enough” be the final word. Now, with basic principles re 
tained, an improved bearing is offered, having a new, even 
more efficient design of seal. This new seal not only prevents 
entrance of dirt or leakage of lubricant at low speeds or any 
mounting position — but, it is relatively frictionless and 


extremely efficient at very high speeds. 
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Design Calculations: 


Beam vibration natural frequencies, Edit. 159-162 

Fatigue test data, applying in design, Edit. 143-146, 
200, 202 

Springs, effect of cold setting, Edit. 107-112 


Design Problems: 


Bevel gears in lightweight design, Edit. 147-152 
Castings, precision, utilizing in design, Edit. 123-126 
Chafing, reducing causes of, Edit. 112 

Dynamic balance specifying, Edit. 127-133 

Fire power control on B-29, Edit. 113-116 
Reconversion, planning for, Edit. 134 

Tolerances, specifying for interchangeability, Edit. 117-122 
Weldment design trends, Edit. 135-142, 192 


Engineering Department: 


Design service, Adv. 8, 195, 201, 351 

Equipment and supplies, Edit. 186; Adv. 21, 40, 54, 55, 
89, 246, 289, 306, 314, 339, 344, 353, 357 

Instruments, Adv, 23, 231, 244, 297 

Management, Edit. 101-102 


Finishes: 


Enamel, Edit. 158 
Paint, Edit. 182, Adv. 72, 73 
Protective coating, Edit. 184; Adv. 340 


Materials: 


Aluminum alloys, Adv. 81, 197, 225 
Bimetal, Adv. 87 

Brass, Adv. 229, 230 

Bronze, Edit. 163-167; Adv. 179, 334 
Copper alloys, Adv. 280, 281 

Felt, Adv. 240, 352 

Friction materials, Adv. 39 

Glass, Adv. 63 

Insulation material, Adv, 313 
Magnesium alloys, Adv. 171, 203 
Manganese alloys, Edit. 180 
Molybdenum, Adv. 189 

Nickel alloys, Adv. 32, 77, 173 
Plastics, Edit. 178; Adv. 79, 84, 85, 219, 247, 291; 319 
Plywood, Adv. 318 

Rubber and synthetics, Edit. 186, 196; Adv. 18, 22, 46, 96 
Silver alloys, Adv. 346 

Solders, Edit. 130 

Steel, Adv. 187, 207 

Tungsten alloys, Adv. 232, 258 

Zinc, Edit. 202 


Parts: 


Balls, Adv. 289, 347, 348 

Bearings, Edit, 168, 170; Adv. 4, 14, 15, 25, 29, 42, 48, 
61, 64, 76, 169, 175, 185, 234, 289, 241, 248, 253, 254, 
277, 294, 311, 322, 328 

Bellows, Adv. 12 

Belts, Adv. 83, 97, 266, 307 

Brakes, Adv. 337 

Brushes, Adv. 305 
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Classified for Convenience when Studying Specific Design Problems 


Brushes, carbon, Adv. 334 

Cable controls, Adv. 183, 310 

Carbon parts, Adv. 35, 301 

Cast parts, Edit. 119, 123-126; Adv. 86, 90, 191, 208, 
220, 259, 325 

Chains, Adv. 10, 11, 20, 68, 215, 233, 260 

Clutches, Adv. 80, 242, 276, 300, 336, 342 

Controls, electrical, Edit. 103, 105, 113-116, 176, 178, 
180, 182, 184, 186; Adv. 36, 44, 45, 74, 181, 217, 257, 
265, 268, 315, 341, 342, 350, BC 

Counters, Adv. 255, 346 

Couplings, Adv. 204 

Electric equipment, Edit, 176; Adv. 33, 269 

Electrical accessories, Adv. 59, 93, 202, 334 

Engines, Edit. 174, 198; Adv. 320, 344, 350 

Fabricated parts, Adv, 38, 270, 306, 342 

Fastenings, Edit. 121, 180, 184; Adv. 37, 50, 66, 193, 205, 
212, 214, 233, 249, 250, 271, 279, 284, 292, 295, 318, 
848, 350, 353, 362 

Filters, Adv. 28, 222 

Fittings, Adv. 65, 302, 303, 336 

Floats, Adv. 308 

Forgings, Edit. 119; Adv. 56, 60, 199, 226, 288 

Gears, Edit. 104, 147-152, 172, 174; Adv. 52, 248, 308, 
$12, 320, 324, 333, 344 

Heat exchangers, Adv. 82 

Heating units, Edit. 106; Adv, 348 

Hydraulic equipment, Edit. 172; Adv. 9, 31, 92, 99, 210, 
252, 273, 285, 316, 321, 331, 335, 359 

Instruments, Adv. 30, 324, 340 

Joints, Adv. 213 

Links, Edit. 170 

Lubrication and lubricating equipment, Adv. 47, 314, $48 

Machined parts, Edit. 119; Adv. 300, 322 

Motors, Adv. IFC, 1, 26, 41, 67, 95, 100, 206, 218, 228, 
235, 237, 238, 263, 264, 275, 283, 286, 288, 296, 304, 
$18, 344, 353, 355, IBC 

Mountings (rubber), Edit. 182; Adv. 51, 262, 345 

Plastic moldings, Adv. 236, 361 

Plugs, Adv. 287 ae 

Pneumatic equipment, Edit. 105; Adv, 308, 310, 314_ 

Pulleys, sheaves, Adv, 13 : 

Pumps, Adv. 16, 17, 200, 296, 312, 336, 352 

Seals, packings, Edit. 182; Adv. 2, 24, 62, 69, 177, 224, 
256, 274, 300, 305, 309, 320, 352 # 

Shafts, flexible, Adv. 339 

Speed reducers, Edit. 178; Adv. 78, 251, 272 

Springs, Edit. 107-112; Adv. 27, 276, 317, 340 

Stampings, Adv. 43, 357 

Transmissions, variable speed, Edit. 176; Adv", 75, 91, 
298, 299, 354 

Tubing, metallic, Adv. 88, 209, 290, 316, 354 

Tubing, nonmetallic, Adv. 221, 302 

Universal joints, Adv, 261 

Valves, Edit. 105; Adv, 94, 305, 326 

Welded parts and equipment, Edit. 135-142, 192, 198; 
Adv. 70, 71, 216, 227, 245, 267, 282, 312, 349 

Wheels, blower, Adv. 346 

Wheels, grinding, Adv. 53 


Production: 


Grinding, Adv. 49 

Service facilities, Adv. 34 

Tools, Edit. 104, 127-183; Adv. 19, 58, 211, 278, 284, 
316, 357 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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OFFERS YOU... 
Unlimited speed range — not just 5 to 1, 10 to 


1 or 100 to 1 but every speed to zero, forward 
and reverse, without stopping the motor. 


Full torque guaranteed over the entire speed 
range. 


TEST IT AT OUR RISK! 


Order the Graham for your laboratory as a 
utility all-speed test unit. We can deliver. ? 
Shown above — Model 60. Input range — 
1800 RPM. Output speed range—all speeds, 
from 300 RPM forward through zero plus 3 
shockless reversal to 200 RPM in reverse 
without stopping the motor. Maximum % H. P. 


Close speed adjustment — guaranteed to hold 
its speed more closely than any other drive 
under comparable conditions. 


range in a single unit. All metal. Self-lubri- 


4 New compactness. Combines reduction and 
WRITE FOR BULLETIN 506 cated. No belts, no tubes. Economical. 


GRAHAM TRANSMISSIONS INC., 2706 n. TEUTONIA AVE., MILWAUKEE 6, WIS. 


Dayton V-Flat Drives 
chosen for machines ats 
_ made to handle | ok Lo 
j 30 004. MASSIVE CONSTRUCTION aie AND FAST, DEPENDABLE 
§ N / (} ion — ‘OPERATION characterize the paper and press-board cutting machines made by 


- the Harris-Seybold-Potter Company. Heavy lifts of paper stock and various 
fibrous materials are often tough to cut. So this equipment is designed to give 
Its knife a cutting force up to 28,200 Ibs . . . almost 15 tens, 
edt every cut a tremendous shock occurs, especially to the power-tr 
‘equipment. Only two Dayton V-Flat Belts handle this load “very satisfactorily 
«. - giving long, trouble-free service, and requiring surprising minimums of 
adjustment,” says the company. 
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PRECISION 
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Dependable gryp of OaijTone maintained by 
ELIMINATION OF ‘STRETCH 


The sturdy, FULL transmission of power by Dayton 

V-Belts is due to their technically-accurate and mechan- 
ically-correct design. Their long-lived smoothness of 
power transmission is assured by special construction. 


Famous “STRETCHLESS” Daytex Cords are welded, 
under tremendous tension, into the neutral section of 
every Dayton V-Belt. It enables Daytons to retain through- 
out their amazingly long life their unusually high effi 
ciency. These are qualities of Dayton V-Belts which have 
established Dayton Rubber as the largest V-Belt manu- 
facturer in the world. 
FREE, for merely sending in your inquiry, you get 
Dayton Rubber’s complete new V-Belt Handbook. It is 
fully described below. Send for it, get yours, today. 


THE DAYTON RUBBER MFG. COMPANY, payTon 1, on10 VEiléé. 
The World’s Largest Manufacturer of V-Belts 
Dayton Rubber Export Corporation, 38 Pearl St., New York, N. Y., U. S. A. 


Cable Address: WIDBLOCO 


KEEP ON BUYING WAR BOND §$& au 
Dayton Rubber’ 384-page V-Belt Catalog is th Wt L] 
Be ariscees wsecigtie crn mike te Janu 0 (eo) my, 


formation and data ever published. Lists millions of pager: —— ne 


drive combinati everything you want to know 

without calculation or engineering, Write for your we 
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The Mark of Technical Excellence in Synthetic Rubber 
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DDED THRUST or jet propulsion from the 

exhaust of turbosuperchargers, developed on 
the B-23, is being designed into all new airplanes 
employing turbosuperchargers. 


INDICATIVE OF THE POWER developed by 
the new type jet-propelled planes is the fact that 
they will climb at speeds faster than other military 
craft can travel in level flight. In tests their initial 
rate of climb after a shallow dive is between 25,000 
and 30,000 feet per minute. 


TRANSOCEAN AIR TRAVEL of the future will 
be profitable at 3 cents per passenger mile, accord- 
ing to a Brookings Institution study “Civil Aviation 
and Peace”. 


TWICE DESTROYED—by the Russians in 1941 
and the Germans in 1943—the U.S.S.R. Dniepros- 
troi hydroelectric plant will be furnished nine 90,- 
000-kva generators. These huge units, already in 
construction at General Electric, will give the 
famous generating plant a 15 per cent greater out- 
put capacity than it had originally. 


NEW GUNSIGHT LAMPS enable gunners to 
aim directly into the sun with accuracy. Previous 
gunsights allow aiming within only about 15 de- 
grees of the sun, leaving a dreaded blind spot. The 
miniature lamp makes the sight lines or reticle 
visible, obviating the use of dark filters. 


TRANSFORMERS NO BIGGER than a fist, yet 
able to deliver 100 kilowatts for extremely brief in- 
tervals, have been designed for special aircraft ap- 





plications. Production of 

ultrathin, grain-oriented Hy- 

persil for core laminations has been 

responsible for this development. The 

special steel, two mils thick, makes pos- 

sible the design of high-frequency transformers 

in which iron cores could not be used previously 

because of the high losses. On an experimental 

basis this steel also has been produced in thick- 

nesses of one mil. This is one-seventh the thick- 

ness used extensively for 400-cycle aircraft trans- 
formers. 


AUXILIARY equipment in the Flying Fortress 
requires 36 kilowatts of generated power as well as 
ten miles of control wiring. 


CRITICAL DIGESTS of literature, a useful serv- 
ice performed by the Welding Research Council, 
provided original sources of information on the 
welding of armor and special alloy steels and, as a 
result, welding has been utilized to far greater ad- 
vantage by us: than by our enemies. 


TORSION BAR SUSPENSION used on Buick 
M-18 tank destroyers and Cadillac M-24 light tanks 
is relatively new for American combat equipment, 
although such suspensions have been used on Rus- 
sian and German tanks for a long time. Also they 
have been used successfully on domestic passenger 
busses. 


RECOGNIZING THE IMPORTANCE of au- 
thoritative reference works in the libraries of uni- 
versities, colleges and technical schools the James 
F. Lincoln Arc Welding Foundation is establishing 
in certain institutions a collection of publications on 
technical phases of welding. 


— a 


EDISON conducted 6000 experiments, mostly on 
vegetable, growth, for eight years while seeking a 
suitable incandescent lamp filament. Carbonized 
bamboo made his lamp possible in 1879. Previously 
weak lamps had been constructed but a lasting fila- 
ment had not been devised. 
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OMETIMES it has seemed, in our preoccupation with 
the control of forces and materials, as if that ob- 
jective were regarded as the sole concern of the en- 

gineer, without consideration of the task of organizing and 





From an address delivered at the recent annual meeting of the Ameri- 
ried of Mechanical Engineers, of which Mr. Gates was President 
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THE VISION of 


the ENGINEER 


By Robert M. Gates 


directing men or of the social purpose and social effect of 
engineers’ achievements. If any of us have been inclined 
to ignore two of these angles of our historic triangle of 
engineering responsibility, we must recognize now that 
the task ahead of us involves the whole triangle. 

With this in mind I want to discuss the training and 
retraining of engineers to meet the challenge of war dis- 
locations, of postwar reconversion, and of the prospect 
of vastly extended engineering opportunity the world 
around—in short, the education of the engineers of to- 
morrow to whom we must pass on the torch. We ex- 
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pect them to build on the heritage we shall leave to them. 

During the past year I have had much correspondence 
and many talks with people interested in this problem. 
It has seemed to me that a consensus of engineers, edu- 
cators, and industrial executives as to engineering re- 
quirements of tomorrow includes five general assumptions: 
1. Specialization without isolation; 2. Character as well 
as knowledge; 3. Acquaintance with the whole industrial 
process; 4. Adjustments in human relations; and 5. Exten- 
sion of educational opportunity. 

Engineers cannot be isolationists, as far as the tradi- 
tional branches of the profession are concerned. Even in 
the broad and fundamental branch of engineering which 
the A. S. M. E. represents, few of us in practice can be 
mechanical engineers alone; we have to learn something 
of civil, electrical, chemical, and whatever other branches 
there may be, in order to do intelligently and competently 
all the jobs that are entrusted to us. 


Engineering Technique in Management 


Many engineers are called upon to assume major re- 
sponsibilities in industrial management. In the years 
ahead we may expect that the management of industry 
will be recruited more rather than less from our profes- 
sion. The application of engineering techniques, of the 
engineering mind, to a broad field of postwar problems, 
not only here in America but also in other countries, will 
surely be needed. With these prospects, isolationism 
must not accompany the necessary specialization in en- 
gineering education. 

Engineers cannot carry their technical qualifications 
around as they would carry other tools in a tool-kit—as 
if a diploma were a set of tools to be appraised and used 
with little connection with the owner’s personality. A 
diploma may represent only a certain number of hours 
during which a person has been exposed to instruction, 
and his temporary acquisition of enough information out 
of his textbooks to “pass off” certain courses. Judicious 
employers don’t hire diplomas, or assign responsibility on 
the basis of diplomas. They value formal training if it 
has entered into the character of the person who has had 
it, giving him not only understanding of fundamental 
facts and principles, but also mental discipline, a habit of 
straight thinking, and some initiative, resourcefulness, and 
creative imagination. 

Experience of many employers with engineering grad- 
uates has convinced them that those who have acquired 
these characteristics can readily acquire the specialized 
knowledge for the kinds of engineering jobs that may be 
assigned them. I would not minimize the importance of 
specialized problems of modern industry; but I would 
emphasize the more fundamental importance of a founda- 
tion of character. For specialized knowledge, once made 
available by human research and experience, cannot apply 
itself to these problems; it must be applied with ingenuity, 
resourcefulness, and imagination, usually also with co- 
operative adaptability, by persons who have those qual- 
ities. 

Engineers have developed for industry an almost un- 
limited capacity to produce. Yet industry has found no 
adequate way to move the mass of actual production, much 
less potential production, economically and continuously 
to consumers. The relatively rigid cost of distribution 
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has blocked the channel—limiting effective demand, an4 
so checking the flow of production. The productivity we 
create demands open channels of distribution. Surely ep. 
gineering techniques need to be applied there. Our ob. 
ligation to industry includes the whole process. 

We know that the very achievements of our profession 
in exploring and harnessing the forces of nature have not 
only brought great benefits to mankind, and opened up 
endless vistas of further technical progress, but also have 
made great changes in human relations and thereby cre. 
ated grave economic, social and political problems. We 
have brought water, steam, and electric power, and count- 
less applications of them, into human service; but we have 
left largely to others—to businessmen and to politicians 
—the responsibility for adjustment of the consequent 
changes in human relations. 

Hasn't there been in that adjustment a need of adjust- 
ers with more understanding of the forces and materials 
being brought to bear on human relations, of their possi- 
bilities and limitations, of the conditions essential for most 
efficient use? In a society being so changed by engineer. 
ing achievement—changed and confused by the changes 
—isn’t there need that the informed, trained, and dis- 
ciplined minds of engineers be directed to the social ends 
of their achievements? Or does social responsibility rest 
only on other groups without that sure footing, analytical 
skill, and clear perspective which engineering training and 
experience cultivate—or ought to cultivate? 



























Extending Educational Opportunity 






Men returning from war service who have engineering 
aptitudes and aspirations—where war experience, in 
many cases, has involved the use of engineering techniques 
—need adequaie provision for suitable training, open to 
them according to their individual wants and capacities, 
Such training will be provided not only in our engineering 
schools, which are expecting to receive large numbers of 
returning servicemen, but also in other institutions which 
can offer technical training and in industries themselves, 
whose experience in training war workers has been a sue 
cessful educational adventure. Among these servicemeil 
are many, very many, of the engineers of tomorrow, 
our engineering societies and technical institutions should 
make every possible effort to see that the men who havé 
engineering promise get opportunity for training fi ted 
to their potential service. 

Nor, many of us believe, should we stop die 
the servicemen alone. The movement for assuring widet 
opportunity for education beyond the secondary-schodl 
level has been accelerated during the past few years. The 
extension of educational opportunity concerns us in em 
gineering, for we want in our profession tomorrow no lee 
than the best our population can furnish. 

As the horizon widens, as new frontiers open, what ene 
gineers will do in the postwar world seems to involve fat 
greater opportunities, far greater responsibilities than evel 
before. The content and methods and reach of a 
ing education will inevitably change accordingly. As é 
gineering education keeps pace with expanding op 
tunities for engineers and the changing requirements 
society, so will our profession continue to serve its day 
and generation with increasing efficiency and with ever 
widening fulfillment of its charter of service. 
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terials radiologists and technicians to ob- 


possi-f tain uniformly dense X-ray exposures. 
r most} Shown below, the timer measures the 
zineer-} light leaving the fluorescent screen on 
ranges f which the X-rays cast the object image. 8 Comero 

d dis-] When sufficient light has left the screen PROG Tame 





] ; eee 

ends H jor satisfactory exposure the photo- CON 

‘y rest ; ‘ Trigger Tube 
: electric unit actuates a relay to ter- “3 

lytical h Tension Transformer 


minate the exposure. 

Ingenious simplicity of this timer de- 
veloped by Westinghouse is revealed 
by the schematic diagram at right. 
Closing of the exposure switch ener- 
eering} gizes the X-ray tube and radiation 


‘e, inf passes through the object. Undesired, 
niques 


1g and 











pen: scattered radiations are filtered by a grid 
cities and the direct radiation strikes the fluo- 
al m4 rescent screen where it is converted into 
=“ q visible light radiation. The light picked 
elves up by the phototube lens is focused on 
a sue the tube. Resulting current charges a 
-emen : condenser and when the proper potential 
, and ~~ is attained a trigger tube fires, actuating 
hould Ee the relay and terminating the exposure. 
have ; se The circuit is designed so that the timer 
fitted ee =. y maintains a constant exposure factor. 
_witl Thus, if very dense objects are being pho- 
an det tographed the timer maintains the expos- 
chodl ure a relatively longer time. 
. The ee ; A safety timer—consisting of a trigger 
n ene : tube, an adjustable resistance, a con- 
o less i denser, two relays and a buzzer—pro- 
. tects the X-ray unit against failure of the 
at ene iy xt timer unit and against excessively long 
-. fat i = & rs exposure times exceeding the capacity 
eve Te ety of the X-ray tube. 
ineei= : - 
.S en 
ppor 
its of 
; day _ Gear cutting in which all teeth are 


ever ' formed simultaneously by a unique cut- 
: ' ter head produces 60 to 100 semifinished 
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gears per hour. Radially fed, form-tool 
blades having a shear cutting action pro- 
gressively cut all gear teeth as the work 
reciprocates in the machine. At the be- 
| ginning of each stroke all blades in the 
| cutter head, shown at right, are advanced 
radially an equal amount. On the re- 
turn stroke the blades are retracted 
slightly to provide clearance for the tools. 
Amount that blades are fed into the work 
on each stroke is adjustable. Correct siz- 
ing of the work is automatically controlled 
and is also adjustable. The machine on 
which this type of head is utilized was 
developed by Michigan Tool Co. 





Spindle drive on indexing turret 
utilizes synthetic rubber driving rings 
“meshing” with gears on the work spin- 
dles as indicated in the photograph be- 
low. The turret head is indexed for each 
of its positions by the geneva mechanism 
shown at the right in the’photograph. As 
the spindles are advanced to successive 
stations the geneva provides a dwell while the 
driving rings rotate the work spindles. 

Resilient rings are used to preclude any possi- 
bility of the drive jamming when the turret ad- 
vances. Molded of compar, a vinyl-resin deriva- 
tive compounded by Resistoflex Corp., the rings 
have five times the life obtained from rubber. 
For best results coarse-pitch gears are utilized. 
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Pneumatic charger clears jammed machine 
guns in less than one second, obviating laborious man 
ual operations that might be required during critica 
periods in combat. Developed by Walter Kidde & Co 
in cooperation with the Army Air Forces, this two 
pound device utilizes compressed air or gas. Withg 
storage cylinder of 57 cubic inches capacity, charg 
with gas to 1000 pounds per square inch pressure, th 
charger will operate about 50 times be 
fore the gas supply need be renewedff 
Through use of a special bracket 
charger, shown at top of next page, 
be demounted or remounted in a f 
seconds, using only one hand and & 
quiring no tools. 

Attached to either side of the gut 
using the standard gun bolt stud, the 
charger is actuated by a two-way cor: 
trol valve. This valve may be either¢ 
simple manual control or a solenii 
valve, remotely controlled. When the 
solenoid valve, right, is employed, pres 
sure of a button energizes the pick-uf 
coil of solenoid-moving plunger A 
the left. A composition cushion B o 
the plunger stem seals outlet throug 
C while pilot stem moves pilot ball Dd 
its seat, allowing gas to flow from ma 
inlet E through F to passage G. Pres 
sure moves piston H to seat on I, lifting 
ball J off its seat. This allows gas ® 
flow through outlet K to charger. 
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If the holding coil remains energized the system remains 
slenoitf “Atically as described and the charger remains under pressure, 
en theflding the gun bolt to the rear out of battery position. If the hold- 
1, pres ing circuit is broken, the valve elements return to position and the 
sick-u charger exhausts through O and L to atmosphere. Two windings 
- A tte used on the solenoid, one an actuating coil and the other a 
1 Bo holding coil, connected in series, drawing 12!/. amperes at 28 volts. 
rrougt Economical use of compressed air is achieved through the 


Pres§ Sulficient air has been used. A slow leak, however, causes the 
-Jiftin§ Valve to open for compensation. The charger is also utilized to 
gas # hold the gun in hold-back position to keep shells out of the breech, 
heventing accidental firing through “cook-off” or shock. 
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Hermetically-sealed relay, be- 
low, is activated by an electromagnet 
or by magnetic flux such as may be 
taken from the stator of a split-phase or 
capacitor-type motor through iron pole 
pieces inserted between the poles of 
the motor as shown in the illustration. 
Action of the flyer in this device, de- 
veloped by Motor Controls, Inc., loads 
the contact points by an over-center 
spring action and absorbs the alternat- 
ing-current vibration through this load- 
ing. Switch may be designed to op- 
erate at a given flux density through 
control of the magnetic pull by in- 
creasing or decreasing the air gap be- 
tween the flyer and’its pole pieces and 
by the spring characteristic opposing 










































this pu.l. When applied to a motor, for in- 
stance, the inrush of starting current builds 
up a flux sufficient to close the contacts, 
energizing the starting winding. When the 
motor comes up to speed the back electro- 
motive force reduces the flux sufficiently so 
that the spring-loaded flyer returns to its 
original position and thus opens the contacts 
for the starting winding. 


Induction coils in the apparatus 
shown below are employed to heat internal 
elements of RCA electron tubes to free metal- 
absorbed gases from the elements while the 
tubes are being exhausted. Heat-generat- 
ing currents are induced in the elements by low- 
ering the high-frequency induction coils over the 
tubes during the exhausting process. Because no 
heat is applied from the outside, the glass en- 
velope is unaffected except for heat radiated by 
the elements from within. Electronic power is 
utilized to generate the high frequency currents, 
solving the problem of heating the internal ele- 
ments without overheating the glass envelope 
surrounding them. 
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Changing of engines on attack bombers is {a 
cilitated by a new engine mount design, above, which 
reduces the time required for changing from 18 hours 
to 4. Designed by Douglas Aircraft, the mount weighs 
100 pounds and fits into the nacelle section on the 
bomber wing. Attached to both the engine and wing 
at six points, the mount is designed to permit a me- 
chanic to crawl inside through a special door to make 
repairs and adjustments to the back side of the motor. 
Braces in regular mounts preclude such servicing. 
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Utilizing the Effects of 
Cold Setting in 


By A. M. Wahl 


Westinghouse Research Laboratories 


HE extremely high stresses 

which are frequently employed 

in the design of helical compres- 
sion springs, particularly those sub- 
ject to occasional loading only, often 
em surprising to many engineers. For example, 
it music-wire springs of small size, calculated tor- 
flon stresses as high as 220,000 to 240,000 pounds 
fer square inch (including curvature correction) 
May sometimes be used even where the tensile 
stength is only about 360,000 pounds per square 
itch for this size material. The use of a high work- 
ing stress is of great advantage in most spring ap- 
Jlications since the energy-storage capacity of the 


‘ete 


COLD SETTING has proved advantageous in 
increasing the life of springs for many types 
of applications. Analysis of actual springs 
thows that the reduction of peak stresses may 
be substantial and indicates why high 
Working stresses may be used in design 
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Springs 


Cold _ setting improves 
efficiency of heavy rail- 

P - way springs as used in 
spring, other things be- pendulum car suspension 
ing equal, depends on the 
square of the stress. In 
applications where space 
is limited, the designer is often forced to use very high work- 
ing stresses. 

One of the chief reasons why relatively high working stresses 
can be tolerated in helical compression spring design where 
fatigue is not involved is that the springs are cold set or scragged 
(as this operation is sometimes called). This means that the 
spring is coiled to an initial free length considerably greater 
than the desired free length. After this is done the spring is 
loaded with a load far beyond normal working load and beyond 
the proportional limit. This results in considerable plastic de- 
formation or set, residual stresses being set up which subtract 
from the load stress. Thus the spring may be stressed higher 
than would be the case if no cold-setting operation were em- 
ployed. 

It is the primary purpose of the present article to discuss 
methods for estimating residual stresses set up in helical springs 
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Fig. 1—Typical load-deflection dia- 
gram of spring during cold setting 


and to determine the reduction in 
operating stress made possible by 
the cold-setting operation. Such 
an analysis will explain why the 
high working stresses frequently 
used in practice may be entirely 
feasible for applications involving 
static or infrequently applied load- 
ing. 

It should be noted that while 
the peak stress in a spring at op- 
erating loads may be considerably 
reduced by cold-setting operations, 
this will not appreciably affect the 
range of stress in the spring if fatigue loading is present. 
Since the stress range is the most important criterion with 
regard to danger of fatigue failure, it may be that the en- 
durance limit of the spring may not be greatly affected by 
cold setting, although some gain due to reduction in the 
mean stress of the range may be expected. Also there is 
evidence that residual or trapped stresses are at least 
partially lost after a time where fatigue loading is in- 
volved. However, where a relatively moderate number 
of cycles of stress is involved (10,000 to 100,000 cycles) 
the increase in life due to cold setting may be appre- 
ciable. Further test data to check this are needed. 

An example of an application in which cold setting im- 
proves the performance and efficiency of the springs is 
the pendulum car suspension shown in the head illustra- 
tion. In this case, the springs are required to carry not 
only vertical but also lateral loads in normal operation. 
By proper cold setting of the springs in this and similar 
applications, higher working stresses may be used and 
thus more flexibility may be provided within a given 
space than would be the case otherwise. 


Effects Due to Cold-Setting 


A typical load-deflection diagram of a helical spring 
during the cold-setting or scragging operation is shown 
in Fig. 1. Between points O and A the spring behaves 
practically elastically. At point A the elastic or propor- 
tional limit in the outer fiber near the inside of the coil is 
reached; beyond this point yielding and strain hardening 
of the material occur. If at point B the load is reduced, 
the spring deflection will return approximately along the 
dot-dash line BC. In general, this curve will not be ex- 
actly a straight line but it approximates this shape. If 
the load is now increased to point B a small hysteresis 
loop is usually formed, but after several loadings and 
unloadings (as is common practice during cold setting) 
a curve approximating a straight line is reached. It is 
clear that by means of this process the load at the elastic 
limit of the spring has been increased from a value equal 
to P, at A to a value approximating P,, at B. 

The effect of cold-setting or scragging operations on 
the stress distribution over the cross section of a spring 
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PROPORTIONAL 
LIMIT 


DEFLECTION OR STRAIN 


may be visualized more closely by reference to Fig. 2. I 
this, Fig. 2a represents the stress distribution over the 
cross section of a large index spring at a load giving a 
stress 7 somewhat under the yield point, curvature effects 
being neglected. In the following analysis a large-index 
spring is assumed but the general conclusions are be- 
lieved to apply approximately to moderate-index springs 
also. Assuming for purposes of illustration that no-strain 
hardening occurs, yielding will occur at constant stress 
ry and the distribution of stress during cold setting wil] , 
be as indicated by the shaded area oabc of Fig. 2b. The} 1, . 
nominal stress calculated from the load at cold setting} |, 
by the usual formula will be equal to +, and the stress 
distribution giving a moment equivalent to that given by 
the shaded area will be represented by the dashed line} 
od in Fig. 2b. ‘Ss 

When the cold-setting load is reduced to zero, a res} “ 
idual or trapped stress distribution as indicated by the 
shaded area in Fig. 2c results. This curve is obtained by § Fig. 
subtracting the ordinates of the dashed line od (Fig. 2b) 
from those of the broken line oab. The reason for this 
is that on removing the load the spring will behave ap, 
proximately elastically; therefore, removal of the load 
equivalent to subtracting the elastic stress distribution 6 
from the plastic distribution oab (Fig. 2b). This give 
the residual stress distribution shown in Fig. 2c. To iif 
the resultant stress distribution at any load, the nomin 
load stress distribution is added to that of Fig. 2c. Th 
if a load giving a nominal stress r corresponding to F 
2a is put on the spring, this equivalent to adding @ 
ordinates of curve od (Fig. 2a) to those of curve oab @ 
Fig. 2c gives the resultant stress distribution oabe ¢ 
Fig. 2d. It is seen that, due to the cold-setting operation 
in this case the peak stress has been reduced from a val 
r (Fig. 2a) to a lower value +, (Fig. 2d). | 

In actual springs, this picture will be considerabl 
modified since for most spring materials strain-hardenil 
effects are present, i.e., the line ab in Fig. 2b will tend 
rise beyond point a. Also the hardness of the spring ™ 
terial particularly for larger bar sizes may be somews 
lower near the center of the bar depending cn the hardé 
ability of the material. This would also tend to cause 
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rise in the portion ab ot the curve. 

For simplicity, an analysis will first be carried out by 
assuming yielding at constant stress, i.e., no strain harden- 
ing. Later the analysis will be extended to take strain- 
hardening effects into account. 


Analysis of Stress for No Strain Hardening 


For a large-index spring which may be considered es- 
sentially a straight bar under torsion, where yielding oc- 
curs at constant shear stress 7, (no strain hardening), the 
stress distribution over the cross section at a given cold- 
setting load is shown in curve oab of Fig. 3. In this case 
yielding has progressed inward to a diameter d,; this 
means that the strain at the outer fiber will be in the ratio 
d/d, to the strain at which yielding begins. Letting this 
ratio be equal to 7 and referring to Fig. 1, this means 
that at this point during cold setting (neglecting curva- 
ture) the deflection is equal to 7 times the deflection OD 
at which yielding first begins. 

To calculate the load P,, at which the stress distribu- 
tion of Fig. 3 will be obtained, the following equations 
are used; these being based on the assumption that the 
spring cross section is essentially a round bar under tor- 
sion. The torque P,,r acting on spring cross section is (1)* 


In this, r=mean coil radius, p=radius from center O 
to any point on the spring bar cross section. 
Integrating Equation 1 and solving for the load P,, 


Pa= | = (1- . Bpscopepersesncmeen (2) 


*Numbers in parentheses refer to references at end of article. 








Fig. 2—Below—Effect of cold setting on stress distribution 
over cross section of helical spring 


b)STRESS DISTRIBUTION 
DURING COLD-SETTING 
WITH LOAD ON SPRING 


TRESS DISTRIBUTION AT 
BEFORE COLD-SETTING 
D STRESS T LESS THAN 2) 
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In this, as previously mentioned 


™ strain at outer fiber _d 
strain at which yielding starts 4, 





Also since strain is proportional to deflection, the ratie 
Y may be taken as 


deflection at load P,, 
deflection at which yielding starts 





y= 


Thus in Fig. 1, at load P,,, y=ratio OE/OD. 
If P,=load at which yielding starts (point A, Fig 1) 
then, from the usual formula, neglecting curvature 


3 
_ dry 


* 16r 





Using this in Equation 2, 





4 
Pn=ZPy (:- 473 


For large deflections, i.e., large values of 7, this indi- 
cates that for no strain hardening the maximum load will 
be equal to 4/3 the load at which yielding starts (2). 

The nominal or equivalent stress 7, at load P,, is (from 
the usual formula) 








Fig. 3—Stress distribution during cold setting, no 
strain hardening. Residual stress is represented 
by shaded area 


Solving this for P,, and substituting in Equation 2, the 
nominal stress 7, becomes 


=5" (1- 


Referring to Fig. 3 the shaded area between curve oab 
and line od represents residual stress. At point a the 
residual stress 7; is cqual to r,—7," where ry’ =7,4,/d= 
T./ ; x 
This gives for the residual stress 7; 
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Tn 





tyes = 
x 


Using Equation 6 for 7, in this, the residual stress at point 
a becomes 


n=n[1-3-(1-35) ] FO Mea ea Ne A (7) 


Similarly the residual stress 7. at the outer fiber (point 
d, Fig. 3) is equal to +,—+r,. Using Equation 6 in this 
the stress 7, becomes 


mae —) (8) 
Te 3 Lo Veet ETE eee ee eee ee ) 


Assuming that a working load P is put on the spring, 
the stresses due to load P will be represented by the dashed 


RESULTANT STRESS 


/LOAD STRESS 


“RESIDUAL STRESS 





Fig. 4—Resultant stress distribution at load, no strain 
hardening 


line od in Fig. 4 and must be added to the residual 
stresses present as a consequence of cold setting, repre- 
sented by lines oec. Letting +r=nominal stress at the 
outer fiber due to load P, then neglecting curvature effects, 


e 16Pr 
ed 


The stress rz at point a (Fig. 4) due to the load P will 
then be rd,/d or +/Y. The resultant stress at point a be- 
comes 


m=T3+71 


Using Equation 7 in this, the resultant stress at a becomes 


inde fy [1 . (1 a) ] (10) 
ee y Ty 3y 4y3 ree s ee er ee 


At the outer fiber (point b in Fig. 4) the stress will 


be r9=r—72. Using Equation 8 in this, 


1 
ever 1-—) Pas sant. Witenes Say | (11) 


The resultant stress distribution is thus represented by 
line oab. It should be noted that since strain hardening 
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was neglected, the value of 7, given by Equation 10 js 
probably high while that of ro is probably low. A method 
of taking strain-hardening effects into account will be 
discussed in the next section. 


Analysis Including Strain-Hardening Effects 


In most actual springs, after the yield point has been 
passed, because of strain-hardening effects the stress will 
increase as the strain increases. As a first approximation, 
for analytical purposes it will be assumed that the stress 
distribution over the cross section above the yield point 
may be represented by the broken line oab in Fig. 5. 
Actually the portion ab of this line will be somewhat 
curved depending on the material and amount of strain, 
but the assumption of a straight line should be sufficient 
for the present purpose. 

Letting P,,=Joad during cold setting giving a stress 
distributien as shown by line oab in Fig. 5, the stress 7’ at 
any radius p less than d;/2 will be equal to 





The stress 7” at a radius p greater than d,/2 will be 
equal to 





2p—d: 
7 n(4+ ——) NSE DAC TD RM (13) 
where 
— slope of curve oa 





slope of curve ab 


The ratio k may be considered as the ratio of the slopes 
of the stress-strain curve before and after reaching the 





Fig. 5—Stress distribution during cold setting with strain 
hardening. Residual stress is represented by shaded area 


yield point. Low values of k correspond to high values 
of strain hardening and vice versa. 
The torque carried by the section at a load P,, will be 


d; @ 
z 2 , 
P,7r= 2rr’' p’?dp+ 2rr" p*dp 
dq 
0 fet 
2 
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Using Equations 12 and 13 for 7’ and ;” in this load P,, 


becomes 
rd’ry 
Pn Te" eke eSheGekoVeensabindnhedakersdenee (14) 
where 
4 1 1 1 Y 1 
G95 (1-3-) (t-ae) t+ tF(t- ye) 8 


For k= (no strain hardening) Equation 14 reduces to 
Equation 2. 

The nominal stress 7, (Fig. 5) due to a load P,,, is equal 
to 16P,,r/d* as before. Using this in Equation 14, 


As before the residual stress is represented by the 
shaded area (Fig. 5) between the actual stress distribu- 
tion curve oab and the straight line od representing nom- 
inal stress. At point a the residual stress 7, will be 
ty—t1 Where 11’ =1,d,/d=1,/7. 

The residual stress 7; at a then becomes, using Equation 
16, 


C, 
ner,(1 -— 
Y 


Likewise the residual stress 7. at the outer fiber (Fig. 
5) will be equal to 


The stress r,+73 may be taken from Equation 13 us- 
ing p=d/2. This gives, taking y=d/d, as before, 





-1 
trtn=n (1+ ) ate a ge 8 (19) 


Using Equations 16 and 19 in Equation 18 the residual 
stress r, at the outer fiber becomes 


gg Baer serena (20) 


As before these residual stresses must be added to the 
load stresses to find the resultant distribution. Referring 
to Fig. 6, if the nominal load stress at the outer fiber is 
equal to 7, the stress distribution represented by line od 
must be added to the residual stress distribution repre- 
sented by the broken line oec. This gives a resultant stress 
distribution represented by the full line oab. 

The resultant stress 74 at point a (Fig. 6) will be equal 





n=r(C, -l1- 


to the residual stress 7, plus the load stress 73. Since 
73=17/Y as before, 
NT RO ee AY CRE es ee aN eT SNE eee oe Oey (21) 


Where 7, is given by Equation 17. 


The resultant stress zr) at the outer fiber (point b * 


Fig. 6) will likewise be 


Where + is given by Equation 20. 
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The application of these equations will be illustrated 
in the following examples. 

A hot-wound spring has a yield stress +, = 100,000 
pounds per square inch in torsion. Also the ratio k be- 
tween the initial slope of the stress-strain curve and _ the 
slope during strain hardening is equal to 4 which will 
give an approximation for some spring materials. If cold 
setting is carried out to the point where ¥=3, i.e., the 
ratio OE/OD=8 for the load-deflection curve in Fig. 1, 


RESIDUAL STRESS 





Fig. 6—Resultant stress distribution at load with strain 
hardening 


then from Equation 15, C,;=1.74. From Equations 17 
and 20 the residual stresses 7, and 7, at points e and c 
(Fig. 6) are as follows: 

. Residual stress at e: 


m1=7,y(1—C, /y)=100,000(1—1.74,/3)=42,000 psi 


Residual stress at c: 


-1 
nan (Ci —_ 1 -~ +—~)- 


100,000(1.74—1—.5)=24,000 psi 


If a load P, is placed on the spring, giving a nominal 
stress r,= 100,000 pounds per square inch, the resultant 
stresses at points a and b (Fig. 6) are 

At point a, from Equation 21, 


a) 
m=t1+7,/y=42,000+ 33,000= 75,000 psi 
At point b, from Equation 22 
To=7T—72= 100,000— 24,000= 76,000 psi 


Since the maximum stress will occur either at point a 
or point b (Fig. 6) this means that after cold setting the 
peak stress will be 76,000 pounds per square inch as com- 
pared with a stress of 100,000 pounds per square inch 
for the same load before cold setting. This example in- 
dicates a reduction in peak stress at working loads equal 
to about 25 per cent due to the cold-setting operation. 

As another example, a music-wire spring of .06-inch 
diameter is required for an ordnance application where 
a working stress of 170,000 pounds per square inch (neg- 
lecting curvature) is necessary because of limited space 
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er reer ene - = 


(3). If the spring index is 6 the calculated peak stress 
including curvature will be around 210,000 pounds per 
square inch, but where static loading or light service is 
involved this peak stress may be neglected for design 
purposes (4). Such a spring would be made of ma- 
terial having an ultimate in tension of around 310,000 
to 340,000 pounds per square inch in this wire size and 
a yield point around 85 per cent of this or 260,000 to 
290,000 pounds per square inch (5). On the basis of 
the shear-energy theory, the yield point in shear should 
be around 58 per cent of this or 150,000 to 170,000 
pounds per square inch. Assuming a value of 170,000 
pounds per square inch, if the spring is cold set with con- 
ditions similar to those in the preceding example, the 
actual working stress at a nominal load stress of 170,000 
(neglecting curvature) will be about .75(170,000) or 
about 130,000 pounds per square inch. Such a stress 
may be satisfactory in small-sized springs of this type for 
cases where limited life is required. 


Is Even More Beneficial for Small Indexes 


As mentioned previously, the above analysis applies 
strictly to large-index springs only but may be expected 
also to yield an approximation for moderate-index springs. 
Where small-index springs are involved the elastic strains 
near the inside of the coil will be much larger than those 
at other points around the outside of the section. This 
means that the residual stress at the inside of the coil will 
be considerably larger than the value of 7. (Equation 20) 
calculated on the basis of a large-index spring. At the 
same time, because of greater strains at the inside of the 
coil resulting in greater strain-hardening effects, the stress 
during cold setting at this point will be somewhat higher 
than for the corresponding large-index spring. As a re- 





sult, the beneficial effects of cold setting are probably 
even more pronounced ‘for low-index springs than for 
large-index springs. 


Provides Estimate of Stresses 


By using the methods given, the residual stresses set 
up as a consequence of cold-setting or scragging opera- 
tions during the manufacture of helical springs may be 
estimated. This should throw some light on optimum 
amounts of cold setting for materials with different work- 
hardening properties. By superimposing nominal load 
stresses on the residual stresses, the resultant stresses at 
operating loads may be estimated, and the reduction in 
peak stress due to cold setting determined. The exam- 
ples given show that this reduction may be considerable 
and explain why extremely high calculated stresses may 
be used in some cases in springs under light service or 
static loading. 

Where fatigue loading for relatively few cycles of stress 
is involved, the effects of cold setting may also be bene- 
ficial—particularly if combined with shot-blasting opera- 
tions. One reason for this is that by cold setting the 
mean stress of the stress range is reduced, and for some 
materials the endurance range thereby increased. This 
effect may be particularly pronounced for small-index 
springs where very high residual stresses may be induced 
at the inside of the coil with a correspondingly high re- 
duction in mean stress at this point. 
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Reducing Causes of Chating 


HAFING, galling, or fretting corrosion, as the phe- 
nomenon is variously called, is a problem which has 
become more important in aircraft-engine parts as the 
power output has increased and caused a corresponding 
increase in vibration problems. The phenomenon is char- 
acterized by apparent picking out and flow of metal on 
surfaces which are supposedly .rigidly clamped one to 
the other. Picking out and flow of metal increases the 
stress concentration in the area where it is present which, 
of course, leads to reduced strength and, in many cases, 
failure. Since the phenomenon had an injurious effect 
on aircraft-engine parts in service operation, an investiga- 
tion was initiated to determine conditions which would 
cause chafing and to discover, if possible, various means 
of eliminating it or neutralizing its effects. 
From these tests and others, the following general con- 
clusions can be drawn: 


1. Chafing can be prevented by: 
a. Increasing the compressive load to a value where 
all sliding motion is eliminated. 
b. Providing a gasket which can absorb the motion or 
allow motion against steel without pickup. 
c. Providing a coating which can serve as a shear mem- 
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ber or which can provide an antifriction surface. 
It is believed that those coatings which are effective 
in preventing chafing act as an antifriction bear- 
ing with many infinitely small balls or rollers. Lead 
plate is probably effective because of inherent lubri- 
cating properties in lead. 

d. Providing a plated or otherwise treated surface to 
increase friction greatly and to stop all sliding mo- 
tion. 

2. The severity of chafing: 

a. Increases with increase of motion at a fixed load 
up to the point where the motion applied will cause 
an oil-film wedge action to be maintained. 

b. Increases with increase of compressive load if a giv- 
en sliding motion is maintained. 

3. Surfaces of unlike metals in general chafe less than 
like metals. 

4. Steel surfaces of the same finish chafe more than 
surfaces of different finish roughness.—From a paper 
by H. C. Gray, Wright Aeronautical Corp., and R. W. 
Jenny, Curtiss-Wright Development division, at the 
recent S.A.E. National Aeronautic meeting in New 
York. 
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lts Fire Power 


By H. T. Hokanson and T. S. Lisberger 
General Electric Co. 


LTHOUGH not our most heavily armed airplane, the B-29 Super- 
A fortress has been called the best gunned. Of the five turrets—two 
upper, two lower and one in the tail—as many as three can be 
controlled and fired simultaneously by a single gunner from a single sight, 
more than thirty different combinations of turrets being available to the 
five gunners. 
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Fig. 1—One of the five remote- 

control stations on the B-29 

Superfortress is located in the 
nose of the ship 


Fig. 2—Below—This is what the 
B-29 gunner sees through his 
sight. Spot of light centered on 
nose of plane is aiming point 
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Upper forward and lower forward turrets 
are placed ahead of the propellers. This 
gives them unrestricted freedom in fighting 
off attacks in the forward hemisphere, and 
against head-on nose attacks they team to- 
gether for concentrated fire power. The 
upper rear turret provides protection from. 
overhead attacks, the lower rear from at- 
tacks underneath. These two work together 
in stopping attacks from either side. The 
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tail turret, with its machine guns and cannon, stands guard 


.against. offenders from the rear. . All of these turrets are 


directed by remote control from five sighting stations, 
Fig. 1. 

Because of the extreme altitude, speed and distance 
performance of the B-29, previous armament methods 
were impossible. Hitherto, large formations of bombers 
have been used for mutual protection, but experience 
has shown that “throttle jockeying” by planes trying to 
maintain these large formations can use enough gasoline 
to cut their range substantially. Adequate fire power 
and fire coverage permit operation of small formations or 
single B-29’s. In this way “throttle jockeying” is elim- 
inated and longer range results. 


Need for Remote Control Power Drive 


It was obvious from the beginning in considering the re- 
quirements of the B-29 that it would have to make long 
flights to attack Japan. This meant that the gunners had 
to be kept comfortable and thus it was essential to locate 
their stations in the pressurized cabin. But the gunners 
cannot shoot guns through a pressure-tight wall, hence the 
guns must be kept on the outside while aimed and fired 


. from inside the cabin. Furthermore, the large wind forces 


exerted against the barrels of machine guns protruding 
from high-speed aircraft made power drives for these guns 
imperative. Without this assistance the gunner could not 
instantly swing his gun on-to a precise aim at a distant 
enemy fighter plane. 

Indicative of the variety of attacks against which the 
armament system must be able to defend the plane in- 




























































stantly are the following typical situations: 

1. Nose attacks in which only three seconds elapg 
between the time when the attacking fighter is nearly 
half a mile away until he is gone behind 

2. Side attacks in which the relative angular rate j 
so great that the guns must lead the fighter by as much 
as 200 yards 

3. Slowly closing tail.attacks that give the fighter plane 
a long time to fire, thereby demanding extremely accurate 
return fire from the B-29 to win the duel. 

Inasmuch as weight and drag are the worst enemies 
of high-altitude, long-range and large-bomb-load charac. 
teristics, it was essential to keep the total number of guns 
to a minimum. With remote gun-fire control the effec. 
tiveness of each gun is greatly increased. 

In selecting the caliber of the guns several factors had 
to be considered. The guns had to be heavy enough to 
provide the hitting power necessary to destroy enemy 
fighter planes, yet it was also imperative to select the 
smallest caliber guns that would be lethal, to permit cany. 
ing the most ammunition for the allowable weight. More 
than two rounds of .50-caliber ammunition can be car- 
ried for the weight of one round of 20-millimeter ammu- 
nition. Hence the .50-caliber machine gun was selected 


Fig. 3 — Left — Upper 

two-gun turret provides 

360-degree rotation and 

elevation up to 90 de- 

grees. Cover dome is 

removed to show 
the mechanism 


Fig. 4—Right—Sighting 
station contains slant- 
ing glass through which 
gunner sees target and 
sighting dots, Fig. 2 


for the job with one exception: The Boeing tail turret was 
to be provided not only with .50-caliber machine guns but 
also with a 20-millimeter cannon to give hard-hitting fir 
power against those slowly closing tail attacks. All other 
turrets would have two .50-caliber machine guns for the 
optimum design, each gun firing at the rate of 800 rounds 
per minute. 

A good turret is the first essential of a good fire-contrd 
system. Careful attention was given to obtaining the 
maximum fire coverage from each gun in order that there 
be adequate protection without blind spots. Great free 
dom of motion is provided in each turret so that each 
gun can fire on both sides of the airplane, forward ané 
aft as well as straight up for the upper turret and straigh! 
down for the lower turret. Each turret is mounted 
bearings in such a way that it can swing around about? 
vertical axis. The guns themselves are fastened to a sat 
dle in the turret that permits them to swing up or dows, 
Fig. 3. 

Ammunition for the upper and lower turrets is carried 
in ammunition cans which are a part of the turret. At 
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Fig. 5—Complete re- 
mote-control system in- 
cludes sighting station, 
computer in _ back- 
ground, and gun turret 
rs had 
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tomatic ammunition boosters are installed for each gun. 
Each gun is provided with an automatic gun charger 
which performs two functions: It fires the gun by remote 
control whenever the trigger on the gunner’s sight is 
pressed, and it throws out a bad bullet and puts in the 
next one whenever the gun finds one that won't fire. Six 
electric motors are used to operate each turret and point 
its guns as the gunner aims his sight. 


my airplane might swing the line of fire from his guns 


interrupters stop the guns from firing at the gunner’s‘own 
airplane and relieve him of this responsibility. At the 
same time these interrupters are accurate enough to permit 
him to fire within inches of parts of his plane, so that he 





ret WT loses the least possible fire coverage. An additional safe- 
ap but guard is the mechanical coniour follower which prevents 
ing fir guns pointing at personnel in the plane. This is done be- 
: . cause cartridges sometimes “cook off” in a hot barrel. 
or 
rounds 

What the Gunner Sees 
-contrd 


ng the The gunner uses a sighting station to aim at and range 
.t theref te enemy fighter, Figs. 1 and 4. Mounted on the sight- 
at free- 98 Station is the actual sight through which the gunner 
at each looks when he aims at the target. In this sight he sees 
rd andj? tiny spot of light which is his aiming point, Fig. 2. 
straigh Whenever he puts this sighting dot on the enemy airplane 
‘ted on © knows that his aim is correct. 

sbout | Around the sighting dot is a circle of other tiny dots 
» a sate flight. The size of this circle can be changed by twist- 
. down, 288 the range control on the handles of the sighting station. 
When the gunner has his aiming point on the center of 
carried the enemy airplane, he adjusts the size of the circle until 
+, Avg just spans the length of the target. Sun or sky filters 
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A gunner concentrating on tracking a fast-moving ene-~ 


through parts of his own airplane. Automatic electric fire < 





and a brightness control on the sighting light give the 
gunner a wide range of adjustment. With the proper set- 
tings, he can sight at a plane coming at him almost di- 
rectly out of the sun or out of the blackness of night. 


How the Sight Is Operated 


The sight is in a small box open at both ends and 
containing a slanting glass, Fig. 4. When a gunner de- 
tects an enemy plane on the sight, he registers the size 
of the fighter on an instrument. Then he adjusts the circle 
of dots from tip to tip on the image of the enemy plane 
and keeps it there by moving the sight either’ to right, 
left, or up and down and by turning his range handle. 
From the size of the plane and of the luminous circle, the 
range is calculated by the computer. From the range and 
the movements of the sight to keep the enemy plane in the 
set circle of dots, the speed of the target plane is arrived 
at through a gyroscope functioning on the sighting de- 
vice. The range and speed of the enemy are relayed by 
electrical impulses to the computer. 

The sight is moved by two handles on which are in- 
corporated trigger switches and action switches. When 
the gunner presses on the action switch, the turret that 
he controls is in operation. When he releases it the gun- 
ner who has secondary control of the particular turret 
can take it over. 

Transmission of signals from the sighting station to the 
turret is effected by means of selsyn units, and an asso- 
ciated electronic servo amplifier relays the signal to 
the field of an amplidyne motor generator. This causes 
the amplidyne to generate a voltage which actuates the 
turret drive motor until the selsyns signal that the guns are 
lined up with the sight. The turret drive motor has suf- 
ficient power to lift a 200-pound man hanging on the end 
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of the gun. Each gunner is provided with the necessary 
switches and controls to start up and operate all of his 
armament right from his station. 

From the foregoing dis¢ussion it will be evident that 
the selsyns, electronic servo amplifier, amplidyne, and tur- 
ret drive motor cooperate to make the guns point wher- 
ever the sight points. Corrections for parallax, windage, 
gravity drop and lead are combined in a computer, vis- 
ible in the background of Fig. 5, and superimposed on the 
sight direction signal, causing the guns to point so that 
the bullets will hit the target. The corrections are as 
follows: 

Parallax is the error due to the fact that in the remote 
control system the gunner at his sight and the gun he is 
firing are a number of feet apart. Hence the aim of the 
guns must be angled toward the gunner’s position, mak- 
ing up exactly for the distance between the sight and the 
gun at the point where the bullet meets the target. The 
computer makes this correction, which is highly variable, 
depending on range and angle of fire. 

Windage tends to curve the course of a bullet rear- 
ward from the plane from which it is fired. Thus, a bullet 
fired broadside from a plane moving 250 miles an hour 


Parallax ‘= ——— 


— 
_ 
a 








atl 
-——b,_Windage 12 yds. 


t 





<—Lead 110 yds. 





Lead is the correction for the relative movement of 
the plane and target. While a .50-caliber bullet is travel. 
ing 800 yards at 30,000 feet altitude, a fighter plane going 
400 miles an hour at the same height will move forwarj 
110 yards. Thus the guns have to be fired at the prope 
angle in front of the enemy plane to hit it. The computer 
determines the lead, making the guns point well ahead 
of where the gunner actually is focusing his sight. 


Magnitude of Total Correction 


If the foregoing corrections were not made and the 
gunner aimed directly at the enemy plane, the bullet 
would pass 122 yards behind the enemy plane and 4§ 
yards lower than it, in addition to the parallax difference, 
Fig. 6. 

Because all sight signals are transmitted electrically, 
more than one turret can readily be connected to thes 
signals. Turrets can be transferred from one sight tr 
another by simply operating a switch, usually at the direc. 
tion of the chief gunner. In this way the fire power fron 
all turrets can be distributed for overall protection or can 
be concentrated where needed the most. The nose gunner 
controls both the upper forward 
and lower forward turrets. The 
upper gunner controls the uppe 
rear turret and can simultaneous) 
control the upper forward whe 
the nose gunner is not using it 
The side gunners control the lower 
rear turret and can also control the 
lower forward when the nose gur- 
ner is not using it. The side gu- 
ners can also control the tail ture 
if the tail gunner is not using it 


Gravity 4.6yds. 


ii ° ° 
Line of sight Re oe _— Physical Strain Reduced 
. ee 
Ronge 800 yds. plane When using the B-29’s remote 
250 m.p.h. control system the gunners at 
nieang 400mph. emancipated from the cramped 
30,000 ft. quarters and bitter exposure of tle 


Fig. 6—Sketch shows how corrections calculated by the computer for parallax, 
windage, gravity, and lead are applied so that bullets will hit target 


will be subjected to a gale of that velocity. With the 
range 800 yards at 3000 feet altitude, the wind will curve 
a bullet fired from a plane going 250 miles an hour as 
much as 35 yards. Where the air is less dense, as at 30,- 
000 feet, the windage effect on the bullet would be only 
12 yards, other conditions being the same. 


Ballistic Corrections 


The amount of elevation needed to take care of gravity 
depends, of course, on range and altitude; the gravity 
correction is figured by the computer. With the range 
800 yards, the .50-caliber bullet will drop 4.6 yards at 
30,000 feet altitude. Windage and gravity are ballistic 
corrections which depend upon a knowledge of the alti- 
tude, outside temperature and speed of the plane. Since 
the navigator has the instruments showing these data, he 
sets dials to send them to the computer. 
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turrets used on other bombers, thu 
enabling them to maintain top eff 
ciency due to the reduction @ 
physical strain. 

Another great improvement in the field of defensive 
fire made possible by this system is the relatively smal 
number of guns which, due to their high degree of a 
curacy, are needed to protect unescorted B-29’s from 
enemy fighters. This cuts down on armament and ammv- 
nition weight, permitting the Superfortresses to strike wil) 
loads up to 10 tons of bombs each on relatively short rum 
or to carry great gasoline loads, making possible recoré- 
breaking long-distance missions with lighter bomb loads 

An example of the effectiveness of this defensive fit 
from the relatively few guns on the B-29 was a recell 
four-hour battle between a lone Superfortress and 7 
Japanese fighters during which seven of the enemy planes 
were shot down and the AAF bomber came through 
scathed. An AAF officer aboard the B-29 reported thi! 
“the gunnery system functioned perfectly and the gunner 
coordinate their fire so well that they put a metal fen 
around the besieged Superfortress.” 
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Specifying Rational Tolerances 



















































e e 
for Interchangeability, Low Cost 
id the 
bullets 
id 46 
rence, 

. By F. A. Wedberg 
‘ically ' m Technical Asst. to Director of Engrg. 
YP eB et on sey Conia Cop ale 
ght b were more or less common on aircraft 
direc} drawings of just a few years ago. The final 
r from assembly area resounded with the ring of 
or calf hammers and the screech of files on tortured 
sunnef metal. In those days, when thirty airplanes were a 
“I large production order, and they didn’t stray far from 


their home base, this practice at least bordered on ac- 
uppeE  ceptability. Even now the educated hammer is still 


\eoush a useful albeit a much overworked tool. 

_ Whea However, the explosion of our healthy infant air- 
e MT craft industry into sudden maturity under the pressure 
eo of the war effort has accomplished much in the devel- 


opment of tooling and production methods which has 
€ gut largely eliminated the necessity for the use of ham- 


~ mers, files, and crowbars on assembly lines. Our main 
sng i concern—looking ahead—is not whether we can build 


aircraft in quantity—but how we are going to build 
them at a cost which will match the peacetime pock- 
d etbook. 


remote: 
TS ale 
ramped 
> of the The solution of this problem must start with proper 
rs, thug basic design and in that design, the use of rational 
op efi} tolerances which will permit economical tooling and 
tion ¢§ production, eliminate handwork in the final assembly 
stage, grounded airplanes and lost profits when re- 
fensive§ placements become necessary in the field. Among the 
y smal basic rules involved in the establishment of practical 
of ac§ rational tolerances are: 

's from 1. Nothing in this world can be “right on the but- 
ammv-§ ton,” hence the need for the designer to establish tol- 
ke with} erances, large or small, within which the tooling and 
ort ru production organizations may produce, and the inspec- 
recor’| tion organization may accept, a part or assembly. 

» loads 2. Tolerances on an assembly are equal to the sum 
ive fief of the tolerances of the individual component parts 
. rece} and hence may be equal to the sum of all the adverse 
and ™%§ tolerances of these parts. This is especially important 
, plané| where fits of various components or clearances of mov- 
igh wy ing parts are involved. 

ed thit 8. It is essential that important physical points or 


Tolerances in Design 


gunnes faces—preferably not centerlines—be chosen as datum Fig. 1—Landing gear of C-46 airplane. Trouble-free mass 
a] fen points or lines from which actual measurements can production of such assemblies demands that tolerances for 
be made and upon which production tooling may be all parts be determined and specified competently 
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based. Such points, lines or faces should be chosen be- 
cause of their basic importance and because of being com- 
mon to, or directly affecting the mating of, the component 
parts. 

4. Tolerances must be a compromise between accept- 
able deviations on the finished product and the cost of pro- 
duction. 

5. Since cost is almost always critical, it may be stated 
in general that the allowable tolerances on detail parts 
should be the maximum consistent with engineering and 
quality considerations, even though in some cases it may 
be desirable to tool to much closer limits. 

6. Tolerances should be based on the degree of ac- 
curacy obtainable with average, or somewhat below av- 
erage, personnel and equipment in order that re‘ectious 
and therefore ultimate cost may be held to a minimum. 

7. The use of offset dimensions for locating points on 
a part will permit holding much closer tolerances than 
when such locations are given by the use of angles. 

8. Effect of temperature on dimensions where dissim- 
ilar materials are used must be recognized, both in the 
case of close-fitting machined parts and in large assem- 
blies where dimensions between important points approxi- 
mate 100 inches or more. In considering temperature ef- 
fects, it is important to include-not only the materials used 
in the assembly but also the methods and materials used 
in the tools for producing the parts. For example, the 
use of steel fixtures for producing large aluminum alloy as- 
semblies should be avoided, as errors on the order of 
.00025 inch per inch of length may result under condi- 
tions where temperatures vary as much as 40 cegrees 
Fahr. Such variations are entirely possible, particularly 


under conditions where components are fabricated at 





Fig. 2—Typical forged or welded arm has datum lines 
through hinge holes and at machined surface of right lug 


widely separated geographical locations, having corre- 
sponding differences in climatic conditions. Operating 
temperatures in fighting aircraft range from —65 to 150 
degrees Fahr. 

9. Tolerances in many cases should vary in geomet- 
rical proportion to the size of the parts. For example, 
deviations in airfoil contours or clearances between mov- 
ing airfoil components on a small, fast fighter must be 
held much closer than corresponding dimensions on a 
large bomber or cargo plane, because of aerodynamic 
considerations as well as possible tooling inaccuracy and 
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variations of the type referred to in Item 8. 

10. The tool designer must, in laying out his tools and 
fixtures, use only a fraction of the total drawing tolerance 
in order that the finished product may, with the further 
deviations resulting from tool wear, part and unit distor. 
tion, and other production factors, fall safely within the 
established drawing tolerances. 

11. In the interests of holding rejections to a minimum, 
with resulting economy, it is useful to retain a tolerance 
reserve which probably will not be indicated on the pro- 
duction drawing, being available only for the use of in- 
spection or salvage personnel. This reserve may be used 
to cover unpredictable variations which result from rivet. 
ing, welding or heat treating. It may also include allow- 
able minor springing of more or less flexible units such 
as control surface hinges during assembly, and may con- 
stitute purely temporary increased limits, allowed only 
during early production runs. Recognition of the useful- 
ness of this practice is evidenced by the recent growth of 
the Army Air Forces Materials Review Procedure which 
utilizes these reserve tolerances. 


Many Phases of Engineering Involved 


Score: Establishment of tolerances should include not 
only details, subassemblies and assemblies, but also ac- 
ceptable limits in bench testing of accessories, installation 
and operating tolerances in final assembly, and acceptable 
performance ranges for ground and flight testing. An- 
other field which is receiving increasing attention is the 
establishment of more scientific methods and equipment 
for measurement of surface roughness, incorporating the 
use of standard roughness sample blocks supported by 
precision machines such as the Brush Analyzer and the 
Profilometer. 


Types OF TOLERANCES: There are three general toler- 
ance classifications: Unilateral, bilateral and range. The 
unilateral type, with limits extending in one direction 
only, are desirable on cylinders or holes, for example, 
1.500 plus .015 minus 0, or 1% plus 1/64 minus 0. In 
the case of their mating parts, such as pistons or bolts, 
it is desirable to establish tolerances of plus 0 minus 4 
decimal or fraction. 

Bilateral tolerances are those having limits in both di- 
rections. For example, 1.500 plus or minus .015 or 1% 
plus or minus 1/64. This type of tolerance is desirable 
on such items as distances between hole centers, or on 
welded or riveted assemblies where variations cannot be 
controlled in one direction. 

Range tolerances are those where minimum and max- 
imum values only are given. For example, 2000-2050 
rpm or 75-80 Ib. This method of specifying tolerances 
is used by many concerns on machined parts. It is par- 
ticularly adaptable for indicating the scale of permissible 
variations for operating mechanisms, including revolutions 
per minute, temperature, pressure, vacuum, times, torques, 
flows, and similar instrument readings, thus eliminating 
the necessity for mechanics, inspectors, pilots, and other 
personnel to go through mental gymnastics in order 10 
pass on the acceptability of observed readings. 

SHEET Metat Detanms: As noted in the foregoing, 
it is desirable wherever possible to pick a definite point, 
line or face as the basic datum for all dimensions. 1” 
some cases, however, such as curved bulkhead sections, 
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or wing ribs, it is found useful to create datum points by 
the addition of form holes which are used as the basis 
for all tooling, fabrication and assembly operations. 


An important problem for the engineer, which may 
well have a great effect on the cost of the product, is 
that of conveying to tool design and production personnel 
the relative importance of various dimensions. It is cus- 
tomary in most engineering organizations to indicate, in 
the drawing title block, general tolerances which apply in 
sheet metal fabrication or machining processes for all di- 
mensions not otherwise qualified by individual tolerances. 
Such general tolerances commonly used are plus or minus 


Fig. 3 — Tubular 
machined - part as- 
sembly requires 
tolerances on con- 
centricity as well as 
on basic diameters 


Looe» ve 77, 


015 or .030 for sheet metal and .010 for machining op- 
erations. 

It has been common practice among shop and inspec- 
tion personnel to temper the use of such tolerances with 
individual judgment in recognition of the known fact that 
many dimensions could exceed these general tolerances 
without jeopardizing the acceptability or efficiency of 
the piece or assembly in question. This practice has led 
to some embarrassment during our current production 
emergency due to the high utilization of inexperienced 
personnel in all phases of engineering and production, in- 
dicating the need for more detailed expression of toler- 
ances on production drawings. 


Closer Collaboration Required 


Necessity has been found for closer cooperation among 
design, production and inspection personnel because in 
many cases the people who have been engaged in actual 
production and inspection operations have a better know]- 
edge of the practical tolerances which may be held and 
which have been passed as acceptable under tne regime 
where individual judgment was more freely used than is 
practicable under present conditions. 

One method which has been used to indicate general 
tolerances is that of specifying dimensions to one, two, 
three, and four decimal places, each decimal place repre- 
senting an established degree of accuracy. Another simi- 
lar procedure uses decimals for dimensions requiring rel- 
atively close tolerances and fractional dimensions for those 
which are less important. Such practice permits the tool- 
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ing and production organizations to take advantage of 
less costly methods. 

Forcincs AND Castincs: It often is useful to provide 
bosses or other flat areas which permit the drilling of basic 
holes, somewhat similar to those described under Sheet 
Metal Details, from which the important machining di- 
mensions and faces may be located. These in turn be- 
come the datum lines for the balance of the dimensioning 
system. This practice saves much detailed layout time 
and production scrap of complicated units which other- 
wise present difficult problems to the tool designer and 
the machine operator. By establishing such tooling points 
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and an improved tolerance base as described in the follow- 
ing it is possible to hold forging dimensions to insure 
minimum machining. Further economy can be effected 
by coin-pressing local bosses to close tolerances, thus elim- 
inating the necessity for machining. 

There is a definite need for standardization of accept- 
able tolerances for castings and forgings among aircraft 
manufacturers working in cooperation with the vendors 
who produce these materials. Such standardization would 
insure more uniform products and give the vendors the 
obvious advantage of working to the same tolerances for 
all of their customers. Some studies are now under way 
and it. appears entirely possible to set up such tolerance 
standards on a simple base. As an example, in the case 
of sand castings an acceptable basic tolerance of plus or 
minus 1/32-inch for dimensions up to four inches, with 
an increased tolerance of plus or minus 1/64-inch for 
each additional two inches, is considered reasonable. It 
further is believed that the basic differences between 
aluminum and magnesium alloys, steel, brass, bronze and 
cast iron are so slight that the same base tolerances may 
be used for all of these materials. The above basic tol- 
erances apply where dimensions lie wholly within a single 
portion of the die and need to be increased somewhat for 
dimensions affected by core location or which cross the 
die parting lines and are hence affected by the degree of 
closure or mis-mating of the patterns or dies. It also is 
essential that tolerances be set up to express the accept- 
able degree of deviation from flatness or straightness in 
terms of unit of length. 


MACHINED Parts: The wise use of tolerances on parts 
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in this category can do much toward 
keeping costs and headaches down. 
The comments on specification of gen- 
eral tolerances given under Sheet Met- 
al Details are even more important in 
connection with machined parts due to 
the more costly nature of the process 
and the correspondingly greater mone- 
tary loss when parts are scrapped. 

Shown in Fig. 2 is a typical welded 
or forged member. The following de- 
tailed comments are offered in connec- 
tion with the dimensions noted: 
Datum Lines: All dimensions are #iv- 
en from the datum lines through the 
hinge holes at the right and one of 
the important faces of the right lug, 
these being the lines which determine 
satisfactory functioning of the part. 

A: This tolerance should be as lib- 
eral as design considerations permit 
in order to hold rejections due to weld- 
ing and heat treating distortion or 
mechanical errors to a minimum. The 
tool designer may find it practicable and desirable to tool 
this dimension to much closer limits. Common drawing 
tolerances for assemblies of this kind are plus or minus .002 
or greater dépending upon the importance of this dimen- 
sion of the functioning of the part. 

B: It is important in a case like this to indicate the de- 
gree of parallelism of the axes of the two holes to insure 
against the effect indicated by the dotted lines at the 
left side of the figure. A typical note for this application 
is “centerlines of bolt axes to be parallel within five min- 
utes,” the exact figure depending on the length of the 
member and the clearance between the bolts and holes. 

C: It usually is necessary to hold this dimension to rela- 
tively close limits to insure proper assembly with mating 
parts. The value of this tolerance depends on the lat- 
eral clearance between the mating parts and between the 
end bolts and their holes which in turn will be determined 
by structural considerations. For example, there would 
be no justification for holding the C dimension to plus or 
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Fig. 4—Leftt—Typical aircraft doo, 
Datum lines are established at th 
hinges which are common to the 
opening in the body and the dog, 


Fig. 5—Below—Detail of a control. 

surface member. Here again datum 

lines are located through hinge 
holes and at hinge surface 
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minus .001 if there was lateral clearance between the bolts 
and holes at the end connections which allowed a dis- 
placement of plus or minus .010. In a typical case of 
this type, there is probably a minimum clearance betweet 
the bolts and holes of at least .003 which, with a ratio of 
X to Y equal to ten would be equivalent to a tolerance 0 
the C dimension of plus or minus .030. Attention is fur 
ther directed to the fact that with Y equal to five inches 
the .003 bolt to hole clearance would be equivalent t 
limits on parallelism of the bolt holes of about two mit- 
utes per end, or four minutes total. 

D and E: Tolerances dictated by structural consideré 
tions such as extent of reverse loading along the bolt axis. 
It is customary ic choose the basic dimension from stané- 
ard milling cutter widths with tolerances adjusted to allow 
for errors due to run out and wear of the cutter. 

F: It may be found desirable froma structural stané- 
point to indicate the acceptable tolerance on straightnes 
of the tube or forging to cover variations in the basic unt 
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ft door, f 4; well as those resulting from welding or heat treating 

at the# Jains. The probability of off-center location of the end 

re = holes with respect to the normal centerline of the member 
7 should also be considered. 

G: Another item of importance in structures of this 
type is to indicate the minimum thickness and width of 
material around the end bolt holes for structural reasons 
and it may also be desirable, if clearances are close, to 
indicate the maximum acceptable dimensions. 

H: In highly stressed parts with reversible loading it is 
sometimes desirable to use special close-tolerance bolts 
and holes to match, with corresponding increase in cost. 


Tolerances in a Machine-Part Assembly 
ontrol. 
‘datum{ In Fig. 3 is shown a typical machined-part assembly 

hinge § such as is used on a hydraulic strut in which there is a 
ace ff piston operating in a cylinder, the packing gland being 
omitted as irrelevant to this discussion. A study of this 
unit indicates the obvious necessity of establishing toler- 
ances not only on the basic diameters, but also on the con- 
‘centricity of these diameters with respect to each other in 
uder to insure free operation of the assembly. The speci- 
fication of roughness tolerances is useful in applications of 
this type where there is contact between moving parts. 
Another application where the proper specification of 
jlerances is important is that of doors such as the one 
indicated in Fig. 4, which is typical for landing gear, tail- 
wheel or bomb-bay closure or for access to cargo and pas- 
% nger compartments. It is obvious in this case that the 
datum lines must be based at the hinges which are com- 
mon to both the main body opening and the door, and if 
proper fit is to be obtained all dimensions must originate 
‘from the datum lines as indicated. An item which is some- 
times overlooked on the drafting board is that the latch lo- 
pation should be given with respect to the contour, rather 
than to some theoretical centerline which the door knows 
nothing about, because the relationship of the door and 
frame contours determines the proper mating of the latch. 
_ It should be recognized also that due to the accumula- 
ion of manufacturing errors, it may be found desirable in 
fassemblies of this type to allow excess stock around the 
periphery of the door for trimming at assembly. How- 
ever, the main body framework should be held within the 
basic tolerances to insure interchangeability. 

Control surfaces have provided many headaches for 
a di f production personnel due to the necessity, despite their 
light construction, for maintaining proper hinge align- 
ment, end clearance and conformity to proper contour. 
Where cloth covered construction is used, the strains re- 
nce  } sulting from shrinkage of the cloth caused by dope ap- 
plication result in distortions sometimes difficult to con- 
tol. Assemblies using metal covering have a tendency, 
lent © F due to the thin gage of material, to wrinkle under the 
‘lightest distortions caused by riveting or assembly op- 
erations. Here again it is obvious that the hinges are 
~ | °mmon to both mating parts and therefore are used for 
It axis | the datum lines. It will be noted from Fig. 4 that the 
lateral datum line is chosen as a hinge face near the cen- 
terline of the assembly to keep the size of the long dimen- 
‘ions to a minimum. 

Detail tolerances that have been found satisfactory in 
applications involving dimensions of fifty inches or less 
ic unll } ate as follows, the letters used being those of Fig. 5. 
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A: Plus or minus .020. It is difficult to hold much 
closer tolerances due to accumulated manufacturing errors 
such as those due to riveting. 

B: Plus or minus .015 represents about the minimum 
which can be held unless shims or other means of adjust- 
ment are employed. It is desirable to hold this, or one 
of the other hinges, to close dimensions in order to trans- 
mit the lateral structural load. 

C: It is desirable to provide increased clearance at 
these hinge points to absorb the accumulation of produc- 
tion and temperature variations. This is also acceptable 
structurally within reasonable limits since only radial 
loads will be taken at these hinges. This extra gap pre- 
sents a problem if the hinges are provided with ball bear- 
ings whose inner races may need to be clamped together. 
It may be necessary to provide for adjustment by shim- 
ming or other method unless the mating hinge fittings can 
be sprung sufficiently to compensate for the above noted 
deviations. 

D: Hinges, being machined surfaces, may be held to 
relatively close tolerances on the order of plus 0 minus 
.005 or .010-inch. 

E and G: The plus tolerances in these cases should 
preferably be 0 but due to the riveted and formed-metal 
construction, tolerances of plus .030 minus .060 have been 
found reasonable for these applications. 

F: The tolerance problem at this point is similar to E 
and G, but since the bottom of the slot usually is a free 
edge a minus 0 tolerance may be maintained and plus 
.060 has been found satisfactory. 

H and I: Here again a plus 0 tolerance is desirable 
but difficult to hold and therefore a plus tolerance of .030 
is indicated. The minus tolerance should be a function 
of the basic dimension and a figure of about two tenths 
per cent (1/10-inch for 50-inch) has been found satis- 
factory. 

J and K: In designs using metal framework and cover- 
ing, a tolerance of plus or minus one per cent of the basic 
dimension has been found reasonable. An additional al- 
lowance of about one-eighth inch must be provided for 
cloth covered units to include the build-up of tape, dope 
and sewing at the corners. 

L: Surfaces of this type are subject to warpage due to 
riveting strains and/or the pull of doped cloth. Toler- 





Fig. 6—Tolerances specified for a control-surface tab 
such as this include limits permissible for deviations 
from straightness of the hinge and the trailing edge 
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ances should be based on the span of the surface, a rea- 
sonable allowance being plus or minus three-tenths per 
cent. 

M: The nominal clearance dimension at the ends of 
control surfaces should be at least one-quarter inch for 
metal-to-metal clearance and three-eighths inch where 
cloth-covered surfaces are involved. Tolerances should 
be the sum of those on the H dimension and the corre- 
sponding figures for the wing panel. 

On comparatively flexible surfaces of this type it is nec- 
essary to allow certain deviations for inspection purposes 
(materials review tolerances). For example, a surface of 
this type, if supported at its two end hinges, will sag at 
the center hinge due to its own weight. Tolerances there- 
fore should be set up covering the allowable deflection in 
assembling the unit into the checking fixture. Some al- 
lowance customarily is made for lateral springing of the 
hinges on the panel. These figures can best be set up 
through a study of each design by engineers and in- 
spectors based on the experience of the first few produc- 
tion units. 


Factors Applying to Contro!-Surface Tabs 


Control-surface tabs of the type indicated in Fig. 6 
using all-metal construction have been successfully pro- 
duced with tolerances on the chord dimensions (G and H) 
of plus or minus one per cent with a minimum figure of 
plus or minus .050.. On the span dimension J a value of 
plus 0 minus one-tenth per cent with a minimum of plus 
0 minus .030 has been found satisfactory. The plus 0 
limit can be maintained in this case due to the fact that 
the ends usually are free metal edges with allowance for 
final trimming as required. On surfaces of this type, it 
also is necessary to set up tolerances covering acceptable 
deviations from straightness of the hinge and the trailing 
edge in a direction perpendicular to the plane of the sur- 
face. Gradual deviations of .030 to .050-inch in ten 
inches have been found satisfactory. Chord section de- 
viations from contour have been held to about three- 
tenths per cent of the chord with a minimum value of 
.030-inch. 

Indicated in Fig. 7 is a typical dimensioning method for 
tying in the wing, its tip, and the aileron, using the aileron 
hinges and tip attaching holes as points common to each 
pair of units. Tolerances on the A dimension can be held 
to plus or minus .030, on B the same as discussed for Fig. 
5, on C similar to B but with the plus and minus reversed, 
and values for D are comparable with those indicated for 
M of Fig. 5. It is essential that the tip attaching dimen- 
sions (F to K) all originate from one point to avoid ac- 
cumulated tolerances. A customary tolerance on these 
dimensions is plus or minus .002. The type of construc- 
tion involved makes it difficult to maintain interchange- 
ability unless oversize holes are provided. Recent struc- 
tural tests on a vibrating machine covering a medium- 
size tip have indicated that 1/16-inch oversize holes are 
entirely satisfactory for this application. 

Finau AssEMBLY: The foregoing has indicated a small 
percentage of the tolerances involving deviations, clear- 
ances, etc., which are required by tooling, manufacturing 
and inspection groups in order that they may satisfactorily 
perform their functions. These data must be supple- 
mented by much additiona’ information regarding ac- 
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ceptable clearances and misalignments. Another field 
which must be covered is that of acceptable ranges in. 
cluding pressures in hydraulic and oxygen . systems, 
torques of nuts and fluid-line connections, cable tensions, 
etc. 


Ramp AND FLicnt TestTinc: A great number of toler. 
ances must be provided to cover ground and flight test. 
ing. Among these are times for retracting and extending 
landing gears, wing and cowl flaps, revolutions per minute 
of power plant, temperatures, pressures and vacuums, and 
the other numerous values which must be checked ip 
order to insure the proper functioning of the various in. 
stallations in modern, complex airplanes. 
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Fig. 7—This method of dimensioning properly ties in the 
wi , its tip and aileron. Datum lines for each pair of 
units are at points or surfaces common to both units 


The great multiplicity of parts and mechanisms, used 
on aircraft of today many of which are very costly and 
must be handled with extreme care to insure their proper 
functioning, make it impractical to expect any individual 
or group to tool, produce, inspect, or flight test the vari- 
ous components or the complete airplane without exter- 
sive written information including proper tolerances. 
These data can be accumulated only through the diligent 
efforts and wholehearted cooperation of all groups in- 
volved. The success of the airplane from both a cost and 
performance standpoint, will be in direct proportion to 
the amount of effort and degree of cooperation of the team 
which produces it. 





AIRCRAFT GAS-TURBINE engines for jet-propulsion 
planes require heating rather than cooling for lubricating 
oil. The reason, according to General Electric, is that 
there is only one moving part in the unit and, because that 
rotates without appreciable vibration, it can be supported 
on antifriction bearings. The oil heating system utilizes 
thermostatic control to maintain proper temperature undet 
varying degrees of cold at high altitudes. Oil consump 
tion is negligible, being less than 15 per cent of that re 
quired in other types of aircraft power plants. 
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S$. O. Fisher and E. E. George 
General Electric Co. - 


IKE most other processes used for making machine parts, the “lost wax” technique 
of producing precision castings is ideally suited to some types of parts and utterly un- 
suitable for others. It should not be looked upon as a cure-all—a panacea—for all 

the ills of other processes. Properly used, it will produce intricate parts to high accuracy 
in size and shape at a cost in line with engineering demands. Improperly used—specified 
Where it is not actually required—it is much too costly. Thus, unless the designer works in 
close collaboration with producer, results are apt to be disappointing. 

Just what is “precision casting”? As it stands today, precision casting utilizes a master 
pattern, made to include the overall net shrinkage of the process, to produce a cast mold of 
lead or a low melting-point alloy. This mold is gated, polished and made ready for filling 
with wax. Then wax patterns are made by casting under a vacuum, injection casting, or 
centrifugal casting. Next, the wax patterns are assembled to make a mount which becomes 
the final pattern. 

After receiving a ceramic coating, the mount is placed inside a thin metal cylinder 
which forms the flask and is invested, the material generally used for investment being an 
air-setting silica mixture. After drying, the wax is melted from within and the mold 
brought to temperature for casting, usually from 900 to 1050 degrees Cent. Casting is 
done by placing the mold in a small arc furnace in which has been melted just sufficient 
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Fig. 1 — Supercharger 
buckets precision cast 
in a group. Sand- 
blasted surface finish 
on rough castings 
measures about 120 to 
170 micro-inches 


metal to fill the mold, and inverting the combination so that the metal 
will flow into the cavity. After this, the casting is cleaned and cut 
apart into the individual pieces desired and these are ground and 
cleaned to suit the application. 

Precision castings as engineering parts have been confined large- 
ly to high-alloy materials. The reasons for this are fairly apparent, 
i.e., high-alloy materials generally are difficult to forge, fabricate and 
machine. Precision casting eliminates these three operations in many 
instances, or at least requires only a minimum of machining such as 
a shaving operation or finish-grind where extremely close tolerances 
are required. It seems unlikely that precision castings from low-alloy 
steels will ever compete economically with other methods of manu- 
facture except in those cases where configuration of the part make 
conventional manufacturing methods excessively difficult or commer- 
cially impracticable. 

Up to the present time, the largest application for precision-cast 
parts has been for the exhaust-driven supercharger for high-altitude © 
aircraft. Also, several designs of permanent magnets for electrical 
apparatus are made by this method. In addition, there are designs 
of other applications which unfortunately cannot be mentioned at 
this cme. 

Comparative costs between precision castings and other methods 
of manufacture depend on the requirements of the part and will be 
reflected by the ability of the engineer to coordinate his design with 
manufacturing practice. Certainly where a piece can be turned out 
for example on a screw machine, precision casting should not be con- 
sidered. It is well to understand that today, as indicated in the fore- 





Fig. 2—Above—Macro- 
structure of precision- 
cast stainless steels. 
Top—Type 310 (25% 
Cr, 20% Ni). Lower-— 
Type 410 (12% ( 


Fig. 3 — Left — Star 
wheel part of a cam 
switch precision cast 
from alloy containing 
88% copper, 8% ti 
and 4% zinc 
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going, the process involves a large number of op- 
erations. Therefore, it becomes evident that if 
the piece can be made by another method equal- 
ly as well and in fewer hours, precision casting 
should not be used. 

As mentioned above, the oldest commercial 
application for this process outside of the dental 
and surgical field is the buckets on an exhaust 
supercharger. (see Fig. 1). When these first were 
produced they were only slightly modified from 
the original machined pieces. However, as ex- 
perience was gained in precision casting, the en- 
gineers soon learned that they no longer had to 
consider the machinability of the contours in- 
volved. As a result, buckets now are being de- 
signed and manufactured with contours which 
can only be cast and with much improved ef- 
ficiencies. Aerodynamic surfaces with intricate 
twists that rival the corkscrew for lack of straight- 
ness, are becoming the order of the day. Yet 
they fit in admirably with precision casting 
technique. 

Possibilities of multiple-piece patterns seem 
limitless. Several castings are being produced 
where the wax patterns are made up of some 20 
to 30 individual parts. This introduces a casting 
field where internal projections can be made 
without a mold involving numerous loose pieces. 


Design Changes Readily Made 


The cost of a mold with which to start the 
casting once the master pattern has been ob- 
tained is quite low, usually requiring only two or 
three hours to produce. If an engineer wishes 
to make slight alterations to a casting, he need 
only alter the lead mold and proceed immediately 
to make more castings. Thus, many combina- 
tions or alterations can be tried in a single day. 
When compared with a punch press or a screw- 
machine setup, the process is .particularly 
adaptable to development work of this nature. 
Many methods of gating and risering also can be 
tied conveniently with only one pattern in- 
volved, making it possible for the manufacturer 
to determine acceptable castings from the first 
tials and still be able to make design changes 
at the same time. 

Since uniform shrinkage is not always found in 
this process, it is always best to consult the manu- 
facturer before making pattern drawings because 
each producer has his own shrinkage rules to 
follow. In addition, it is well to remember that 
master patterns cannot be promiscuously inter- 
changed between producers. 

In connection with shrinkage, it is not metal 
thrink that is important but the over-all process 
think. This involves such things as master-mold 
shrink, wax shrink, mold expansion in preheating, 
and finally the metal shrink itself. This explains 
why the shrink figure sometimes referred to is 
diferent from those used in connection with 
tther casting methods. 

The term “precision casting” as applied here 
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may be misleading in these days of superfinishes and machine work 
measured to tenths of thousandths. Tolerances of plus or minus 
.003-inch to .004-inch appear to be as accurate as is practical for . 
production precision casting at this date. Closer toleranaces have 
been obtained, but these are the exceptions rather than the 
rule. Tolerances will vary from this .003 to .004-inch range 
on dimensions below %-inch up to plus or minus .01-inch on 1-inch 
dimensions. The particular dimension in question should be dis- 
cussed with the producer, because two equal dimensions will not 
always result in equal variations in the finished product. This 
fact is tied up with the same reasoning behind the statement pre- 
viously made that shrinkage allowances are nonuniform. 

Due to the fact that precision casting is effected in hot molds, 
internal shrinkage and gating problems are not the same as those 


eres 
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Fig. 4—Positive half of die for molding plastics. Such parts are 
precision cast to considerable advantage. Made of alloy steel 
they are held to good accuracy in shape and size 


occurring in ordinary foundry practice. Large surfaces, such as 
would be found in trying to cast a 4-inch cube, have a tendency to 
collapse on the surface instead of shrinking internally. It there- 
fore becomes a problem to hold outside dimensions on a piece of 
this type. 

Generous fillets are just as desirable and drastic changes in 
cross-sectional areas as undesirable in this process as in other cast- 
ing techniques. It has been found from experience that a part 
which ordinarily would be designed with several different cross 
sections in order to make casting possible by the usual methods 
can be redesigned into uniform cross sections and still be cast by 
the lost-wax process. The result is a better part yet one which 
can be readily manufactured. This gives the engineer an oppor- 
tunity to combine increased efficiency with the kind of sections a 
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foundryman finds most desirable. Ornamental design on 
a-casting often can be included in precision castings where 
it would be impracticable with sand-mold castings. Most 
of the above advantages are due to the fact that the pat- 
tern is of a destructible nature and not one that has to be 
removed intact for subsequent casting of additional parts. 


As has been indicated, precision casting consists of 


casting molten metal into a refractory mold which has 


TABLE I 
Properties of Type 310 Stainless (25% Cr, 20% Ni) As Cast 


Tensile Yield Strength Per cent 

Test Strength -2% offset Elongation 

Piece (psi) (psi) in 1 inch 
1 eg SR eer eran 70,000 29,000 84 
| REE eee ws 65,000 24,000 89 
a: Rae ae Pera 78,000 26,000 28 

Minimum Properties in Wrought State 

80,000 35,000 50 


been preheated to some temperature well into the red 
color range. This high degree of preheat is necessary to 
assure complete filling of the mold. The mold is a poor 
conductor of heat, and this together with preheating re- 
sults in a slow rate of cooling during the solidification of 
the metal. Typical examples of the macrostructure result- 





ing from this slow rate of cooling are shown in the photo- 
graphs of Fig. 2. Physical properties of the same mate- 
rials (stainless steels Types 310 and 410) as revealed by 
tests conducted on sets of three specimens are listed in 
TaBLeEs [ and II. 


The figures given in the tables show that tensile prop- 


erties of materials precision cast by the lost-wax process 


TABLE II 
Properties of Type 410 Stainless (12% Cr) After Heat 
Treatment 
Tensile Proport’onal Per cent 
Test Strength Limit Elongation 
Piece (psi) (psi) in 1 inch 
ES 1a aes eee 105,000 65,000 18 
ME 8 ine eels shi 104,000 68,000 17 
el. Eset Se Rey Opa 104,000 65,000 16 
Minimum Properties in Wrought State 
90,000 60,000 20 


compare favorably with wrought materials of the sam> 
composition. 
this is to be expected and is due primarily to large grain 
size resulting from slow rates of cooling. From an engi- 


While the properties are somewhat lowe:, 
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neering acceptance viewpoint, control of grain size jy 
these castings proves necessary in many applications, es. 
pecially where considerable stress is involved. It is no 
uncommon to pull a cast round test bar in tension and fing 
it behaving like a single crystal, the test section becoming 
oval shaped during loading. Since single crystals exhibit 
different properties in different directions, extremely large. 
grained cast test bars have considerable variation in prop. 
erties depending on orientation of the grains. By prope 
control of .the casting process, finer grain size can be ob. 
tained and more consistant physical properties will be 
achieved. 

Within the General Electric Co., precision casting has 
been devoted almost entirely to the manufacture of parts 
for the turbo-supercharger. Such an application requires 
parts that will withstand considerable stress for long 
periods of time at elevated temperatures. Stress-time- 
temperature tests to rupture are the basis for selection of 
materials for use in the turbo-supercharger. In such 
rupture testing of cast alloys, differences in grain size have 
shown no significant effect although short-time tensile 
properties may vary considerably. 

Size limitations of precision-cast parts are governed by 
the size of the melting equipment and the quality of the 
investment. Most of the parts now being produced are 


Fig. 5—Typical pre. 
cision-cast parts. Two 
ordnance items at lett 
are of plain carbon 
steel. At lower right is 
supercharger _ bucket. 
Part at top is a test bar 


below one pound in weight. However, pieces weighing 
over fifteen pounds have, on occasion, been produced 
satisfactorily. 

Potentialities of precision casting for future applica- 
tions may be listed as follows: 

1. Manufacture of parts from alloys which cannot be 
mechanically worked either hot or cold. Typical examples 
are Alnico, a powerful permanent magnet material, and 
many of the alloys which are used for high-temperature 
service. 

2. Manufacture of parts from alloys which are difficult 
to forge, fabricate or machine. Among this class may be 
such items as tool bits and innumerable small stainless 
steel parts. 

3. Manufacture of intricate shapes which cannot be 
made by any other method. Design engineers now have 
the opportunity to employ contours which heretofore it 
has been impossible to obtain. 

4. Manufacture of limited quantities of materials ordi 
narily made by screw machine or die casting but where 
the number to be made does not justify a screw-machine 
setup or the cost of a die-casting die. 
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Part Ill—Methods of Correction 


By W. I. Senger 


Balancing Machine Division 
Gisholt Machine Co. 


be established, consideration must be 
given to the means employed for adding 

& removing metal for the balancing correction. 
Generally, the method of correction is given lit- 
tl, if any, consideration by the engineering de- 
partment. In many cases the position of the 
Planes of correction and the maximum amount 
of correction which can be applied, consistent 
With the strength of the body or clearance be- 
tween the body and its enclosure, are in no way 
specified by the engineering department but are 
to trial-and-error correction methods which 
ae adopted by the production department. Such 


B EFORE a rational balancing tolerance can 
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Fig. 17—Above—Fluid-drive automotive 
assembly balanced by drilling and spot 
welding material to the work 





Fig. 1€ —Armature corrected for balance by the addition of solder 
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procedure is fundamentally wrong as it is the 
function of the drawings supplied by the en- 
gineering department to specify all limitations 
and tolerances so that the part may be produced 
easily to desired shape, strength and accuracy. 

Corrections for balance, Fig. 17, may be made 
either by the addition or removal of metal. The 
methods commonly employed for adding weight 
in balancing operations are: 


1. Addition of measured lengths of a given 
diameter of wire solder. 

2. Addition of a measured length of a given 
cross section of strip material. 

8. Addition of selected sizes or a given num- 
ber of one size of known weight, made up 
in the form of washers, lead slugs, or cast 
weights. 


Measured lengths of wire solder for correcting 
unbalance effects are commonly used on squirrel- 
cage fans and the rotors of direct-current motors 
and generators, Fig. 18. Corrections on the fans 
normally are made by adding the solder to the 
shroud rings, while the correction on the direct- 
current rotors is generally made by adding solder 
to the binding bands by means of which the 
windings on the armature are held in place. The 
accuracy to which a desired correction length of 
solder wire can be cut from a spool of this wire 
to desired length will determine the accuracy to 
which the correction for balance can be applied 
in production. A simple device for measuring 
solder lengths is shown in Fig. 19. 


Tolerance Must Be Allowed 


When solder is applied to an unbalanced part, 
the balancing machine will have indicated a point 
at which this correction material should be added, 
but it is obviously impossible to add the material 
at a point. As the applied correction deviates 
from the point of application indicated by the 
balancing machine, inaccuracies of correction 
are introduced for which reasonable compensa- 
tion must be made in specifying a balancing tol- 
erance if production is to be maintained at a high 
level. Further, there will be a loss of solder in 
the process of application due to splattering of 
the solder, or by the soldering iron actually hold- 
ing on to some of the correction material during 
the operation of applying the solder. From 
these considerations, it is evident that, if such a 
correction method is specified and if a high order 
of balancing is required, it will be necessary to 
measure the unbalance in the work piece, apply 
a correction, then measure the remaining un- 
balance and apply a second correction in order 
to reduce the unbalance to a low limit. 

Experience has shown that, for rather modest 
correction weights (that is, weights of approxi- 
mately %-ounce), it is difficult to apply the cor- 
rection within 5 per cent of the desired amount. 
If the amount of correction required is in the 
neighborhood of two ounces, it is difficult to 
apply the correction within 10 per cent of de- 
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Fig. 19—Device which will measure wire solder lengths required 
for balancing a given production part 


sired amounts; while if the amount of correction is in the neighbor- 
hood of 1/10-ounce, the correction accuracy will undoubtedly be 
in the neighborhood of 2 per cent of desired value. If, in the 
transverse planes in which it is possible to make corrections they 
cannot be made throughout 360 degrees, additional balancing a 
lowances should be provided to make possible a maximum of pre 
duction. If maximum accuracy is required, then it must be af 
sumed that three and perhaps four applications of corrections should 
be made to reduce the unbalance to a minimum. 

Strip material is used for correction purposes on small unive 
sal motors as shown in Fig. 20, on squirrel-cage fans, and on othet 
parts built up of or formed out of sheet material. In correctingyy 
universal-motor armatures, either extruded or strip brass, or alum 





















Fig. 20—Armature for vacuum sweeper motor is corrected fa 
balance by adding extruded strips in the core slots © 
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inum, is inserted in the slots of the armature core to give 
balance. The accuracy to which the length of this ma- 
terial can be cut in production is approximately 1/64- 
inch. 


Specifications Establish Tolerances 


Therefore, the weight equivalent of 1/64-inch of 
correction material will represent the maximum accuracy 
to which balancing can be performed. Further, in order 
for the material to stay in the armature slots, a minimum 
of %-inch of length of aluminum strip is representative 
of the minimum length of the lightest weight of material 
which can be added. Such minimum specification will 
necessarily establish a tolerance to which parts may be 
balanced unless some other correction methods are per- 
mitted. 

These armatures have only a limited number of slots in 
the core, and if correction must be applied at a point be- 
tween two slots, some error will be introduced in attempt- 
| ing to split up the correction between the two slots. Al- 
though it is definitely possible to chart the amount of cor- 
rection to apply in slots adjacent to a given correction 
*] point for any amount of correction required, experience 
has shown that such charts are cumbersome and require 








quired} ore time on the part of the operator concerned with 
measuring and correcting unbalance than will be required 
to divide the corrections arbitrarily and make another 
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Measurement and correction for balance to come within 
the tolerance. 

_ Addition of selected sizes or of a given number of one 
Size of weight, made up in the form of washers, lead slugs, 
cast weights is another form of balancing correction 
Sed where metal must be added. Weights of the cast 
type can only be used if the balancing tolerance is to be 
fairly large. The differences in actual weight of the cast 
Parts is often as much as 10 per cent of the desired weight. 
this weight variation in itself will establish the accuracy 
) which a part may be balanced with the application of 
Single correction. Further error in correction is fre- 
‘Quently introduced by the necessity for drilling a hole in 
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Fig. 21—Induction motor armature corrected for balance by the addition of washers 


the part to be balanced for a rivet to be used in attach- 
ing the correction weight. Varying rivet lengths are used 
for attaching varying thicknesses of weight and the size 
of hole drilled and the amount of countersinking used for 
the rivet head also is a variable where production re- 
quirements overshadow requirements for accuracy. These 
variables introduce errors in correction accuracy and 
therefore must be considered when a balancing tolerance 
is established. Holes drilled and tapped in the work 
piece to be used in attaching correction weights will in- 
troduce errors of a similar sort. Allowances must there- 
fore be made in the specification. 

Weights in the form of washers punched out of sheet 
steel are more desirable for weight addition. Weight 
variation from standard is small if dies are properly main- 
tained. Variations in amount of applied correction will 
still vary with the methods used for attachment and the 
balancing tolerance will be established by the variation 
and the smallest washer weight or weight differential pro- 
vided for the man who is performing the balancing op- 
eration. 


Method Facilitates Correction 


Frequently on rotors for alternating-current motors, 
rivets projecting outwardly from the cast ends and posi- 
tioned between the fan blades are provided for a means 
of adding correction washers. This arrangement is shown 
in Fig. 21. Although providing 
only a limited number of correc- 
tion points, it permits the measure- 
ment of unbalance, correction and 
checking for balance with only one 
handling of the work piece in the 
balancing machine. It gives a 
means for obtaining a good bal- 
ancing accuracy easily and quickly. 

Methods generally employed for 
applying balancing corrections by 
the removal of weight are: 


1. Removal of metal by milling 
or shaping. 


2. Removal of metal by drilling. 


Removal of metal by milling or 
shaping is expensive and requires 
the use of machine tools. If exact 
amounts of metal are to be re- 
moved, the fixtures for holding the 
work piece are usually elaborate. 
These correction methods do not 
lend themselves well to use where the material is 
to be removed from forged or cast surfaces as the 
depth of cut on successive parts will require measuring 
from points determined by the variations in the forging 
or casting. If the operator does not make each zero set- 
ting carefully, the accuracy of correction will be impaired. 
As this correction method is used generally where the 
depth of cut is small with respect to the area of the sur- 
face from which metal is removed, small errors in the 
setting of the zero position have great influence on the 
ultimate accuracy of correction. 

Probably the cheapest and most effective method of 
applying a correction is by drilling. The machine tool re- 
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quired is comparatively inexpensive and the work-holding 
fixture and guide bushings are equally inexpensive. The 
zero or starting point for a drilling operation is easily and 
quickly set by the operator even though this point may 
vary from one work piece to the next. There are many 
drilling machines which will drill a hole to a set depth 
with good accuracies. The writer has seen such a ma- 
chine used for balancing correction which will drill one- 
inch holes in steel to set depth within .003-inch, even 
though the point at which depth measurement starts va- 
ried as much as %-inch. In other words, this correction 
device would remove a given weight of material required 
to give balance within an accuracy of .3 per cent on a 
one-inch depth of hole, regardless of the point at which 
the drilling actually started. Corrections of this accuracy 
are comparable with the accuracies of measurement which 
may now be obtained with balancing machines and are 
therefore greatly to be desired if accuracy of balance is to 
be obtained cheaply. 





Care in Drilling Is Necessary 


However, when corrections for balance are to be made 
by drilling, the drill should be frequently and correctly 
sharpened so that it will not cut oversize. The drill also 
should be guided to remove the danger of drilling an over- 
sized hole. Frequent checking of the size of hole by 
means of a plug gage will indicate the time when the 
drill should be reground if correction accuracy is to be 
maintained. A one-inch drill poorly ground and im- 
properly guided can readily make a hole 1.015 inches in 
diameter, and this variation will give a three per cent 
error in the amount of metal removed by the body of the 
drill. 

From Equation 11 (M. D. Nov., Page 106) an under- 
standable balance and tolerance may be specified, and 
from the several considerations just given, it is possible 
to select a correction method which will permit an ac- 
curacy consistent with the tolerance. This tolerance 
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Fig. 22—Above—Detail instructions on production*drawing 
for producing desired balance by drilling 








Fig. 23—Below—Instructions on production drawing 
for applying balance corrections with solder 















Use @ -diameter wire solder for balancing 
correction. Apply as shown.as neorly as is 
consistent with hand application. Unbalance 
error after correction in this end of piece 
must be less thang-inch length'of wire solder. 
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Note. | 
Support the piece on bearings Aands 
when measuring ond checking unbalance 
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should be established as being consistent with the phys 
cal dimensions and properties of the body to be bak 
anced. 

Drawings in Figs. 22 and 28 are suggested forms to bt 
followed in specifying the method and accuracy to whi 
balance is to be held. Fig. 22 gives information for# 
correction process by metal removal while Fig. 23 show 
the information required where correction material is ® 








be added. It should be noted that in each case the bak 


MacHine Desicn—January, 194 F 













ancing information is given to the man performing the 
balancing operation in a manner understandable to any- 
one accustomed to normal machining operations or shop 
practice. It should be noted also that the tolerance is 
given in this same generally understood language. The 
information given in each case consists of the following: 


1. 





Location of the transverse planes in which correc- 
tions are to be made. These are indicated by ac- 


Radius at which the correction is to be applied, 
with a tolerance on this dimension if such is prac- 
tical. 

Method of correction to be used; 
ample, drilling or adding solder. 
Size of the correction device; for example, the di- 
ameter of drill or the size of wire solder to be used. 
Limits of the correction device; in the case of Figs. 
22 and 23, the maximum depth of drill or the height 


that is, for ex- 


tually showing on the drawing the applied cor- 


the solder may project above the surface of the 
rection. 


work piece. 

Tolerance to which balance is to be held in terms 
of the correction method employed. 

Surfaces from which the balancing operation is to 
be performed. These surfaces should be the ones 


Fig. 24—Radial-engine crankshafts are corrected in 
accordance with the indications taken from a*component 
chart which interprets the readings of the balancing 
machine, greatly facilitating production operations 
a 
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which will ultimately support the part in its final 
assembly in the machine of which it is a part. 


With a specification and information given in this man- 
ner the engineer or designer can be assured of obtaining 
the results desired in the elimination of vibration provided 
the manufacturing division has equipment capable of 
giving the desired results. Before entering into a dis- 
cussion of the equipment available for measuring unbal- 
ance, there are a few special balancing problems which 
occasionally present themselves. These problems warrant 
mention and therefore will be treated in the following dis- 
cussion. 


Considerations When Balance Points Are Limited 


Frequently the shape of a part to be balanced is such 
that correction cannot be applied at any point throughout 
860 degrees in a selected plane of correction. Automo- 
tive crankshafts, fans and radial-engine crankshafts pre- 
sent such a problem. Fig. 24 shows a view of a radial- 
engine crankshaft and counterweight. In such parts cor- 
rections for balance may generally be made only at points 
A and B because the rivets used to attach the counter- 
weight to the shaft make drilling at other points in the 
counterweight impossible. Obviously, corrections can be 
made at no point other than the counterweight. In such 
a case, it is general practice to make the counterweight 
deliberately heavy so as to introduce unbalance in the 
general direction of C. Then the amount and angular 
location of the unbalance are determined on a balancing 
machine, angle being measured from a radial line through 
correction A. By means of a component chart (Fig. 24), 
the actual corrections to make at A and B to compensate 
for the unbalance are indicated. Special balancing ma- 
chines have been developed and are in use which will 


182 





id 
cre 
ch 


ute 


su 
fin 





Fig. 25—Above—Because corrections on radial-engixg the 
crankshaft must be applied within an arc of 70 deg fac 
a component chart is included on drawing to interpr§ ;at 
amount of correction 


Fig. 26—Below—Centrifugal force in pounds exerted} 
one ounce-inch of unbalance 





five 
measure directly the correction required at A and B. Su mac 
machines, Fig. 25, will be discussed in Part IV in the | grea 


issue. F 
The question, “Shall I specify static (one plane) bed stru 
ance or dynamic (two plane) balance?” is often P| bala 


pounded. This question may only be answered by 4 a p 
careful consideration of a number of elements. %@§ men 
erally, if the part to be balanced is essentially a disk (i tion: 
thickness small in comparison with its diameter) st] élim 
balance will be satisfactory. For all other parts dyna™ port 
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balance is required. If the part under consideration runs 
at low speed (a few hundred revolutions per minute) 
static balance will generally be satisfactory even though 
the thickness of the part approaches the diameter of the 
part. 

There are some further general considerations which 
must be given attention in determining requirements for 
balance. The first of these is the rotational speed of the 
work. From the curve of Fig. 26, it is obvious that the 
centrifugal force due to a given unbalance increases rap- 
idly as the speed increases—as a matter of fact, it in- 
creases with the square of the speed. Therefore, a super- 
charger impeller rotating at 30,000 revolutions per min- 
ute must be very accurately balanced even though the 
corrections must be applied by a rather difficult method 
such as by use of a small hand grinder or by utilizing a 


fine-cut file. 
Mass of Machine Determines Degree of Balance 


Another general consideration in determining upon an 
accuracy of balance is the mass of the machine into which 
the rotating body is mounted. If bearing loading and 
bearing wear may be neglected, a rotating body mounted 
in a machine having a total weight ten times as great may 
have a balancing tolerance five times as great as that of 
a rotor mounted in a machine having total weight twice 
the weight of the rotor (if rotational speed and all other 
factors are equal). This is obvious from the fact that the 
ratio of weights of the two machine types is in a ratio of 


3 ig. 27—Natural frequency of mounting should be selected 


30 that it will not be in resonance with rotating parts 


five to one and therefore the vibration of the complete 
machine due to a given unbalance will be one-fifth as 
great in the heavy machine as in the light machine. 
Frequently, well balanced parts are mounted in a 
structure which will vibrate considerably when the well 
balanced part is rotated. This vibration can be caused by 
4 portion of the structure supporting the rotating ele- 
ments having a natural frequency the same as the rota- 
tional frequency of the rotor. Such vibrations are easily 
tliminated by changing the natural frequency of the sup- 
Porting structure. A simple demonstration of this condi- 
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tion may be made in the following manner: A variable- 
speed motor is mounted on springs such as illustrated in 
Fig. 27. 

With the motor running slow, speed is increased grad- 
ually by small increments. At some speed a considerable 
vibration of the motor will be observed even theugh the 
rotor is reasonably well balanced. If the supporting springs 
are changed to either a weaker or stronger set, the motor 
mounted on the new springs will not vibrate if the rota- 
tional speed is maintained the same as it was when the 
vibration was observed on the original springs. 


Design Should Incorporate Balancing Provisions 


In this discussion, considerable mention has been made 
of balancing tolerance and practical methods of applying 
correction. Consideration must also be given to the max- 
imum correction for which provision must be made. Large 
corrections should be provided for to insure that every 
part may be balanced by the method prescribed. Ap- 


Rotational Axis 


Fig. 28—Division of crankshaft into elements to determine 
requirements for balance correction 


proximation of the amount of correction required may be 
made in the following manner. Fig. 28 represents a 
crankshaft for which it is desired to determine the max- 
imum requirement for correction. This body may be di- 
vided into a number of transverse sections, a, b, c, d, etc., 
the sections being such as have the same characteristics 
throughout their length (measured along the rotational 
axis). 

Sections like those at a and c which are machined all 
over can introduce only small unbalance effects and need 
not be considered in this rough approximation. However, 
a section such as d which is not machined, can introduce 
considerable unbalance. It is reasonable to assume that 
the center of gravity of this section may shift from crank- 
shaft to crankshaft as much as .01-inch due to wash of 
the forging dies, trimming of the forging, distortion in 
cooling after annealing and in centering the crankshaft 
forging. Therefore, the unbalance variation which can 
be introduced by this section is .01 times the weight of 
the section in ounces. If all variations of such sections 
are added together, an approximate figure representing 
the balancing correction is obtained. When this summa- 
tion has been obtained, provision should be made for the 
addition or removal of at least 50 per cent more than this 
estimated amount of correction material. 

(Concluded in next issue) 








How an Industry Looks Ahead 


NDICATING the type of planning necessary for re- 
| conversion including the time required for engineer- 

ing, testing, tooling and purchasing of materials be- 
fore actual production, the automotive industry’s chart, 
below, prepared by the Automotive Council for War Pro- 
duction shows the basic time elements which must be 
taken into account. 

While plants are putting war work first as should be 
done, they are making plans to bridge the gap between 
war contract terminations and production. Blueprints 
must be ready to meet unexpected shifts in the production 
picture, even though the automotive industry as a whole 
is pressing its war production program forward at a ten- 
billion dollar a year rate, with no let-up in sight. 


Planning May Obviate Suffering 


How much the nation’s civilian economy suffers during 
reconversion will depend to a considerable degree upon 


the length of time industry takes to re-establish its pro- 


duction pattern which was torn asunder and strewn wide- 
ly in the wartime changeover. Lack of machinery, facili- 
ties or materials can block the flow of production and de- 
prive men of jobs all along the route. 

One automobile company estimates that it needs 3600 
new machine tools, as replacements for tools lost at the 
time of conversion, to enable it to resume production at 
the rate of 50 per cent of its 1941 schedules. Since it 
takes months to design and build such machines and some- 
times weeks to set them up for operation, the time in- 
volved in this phase of preparation is a fairly fixed factor. 
Another car manufacturer has been notified that some of 


his bottleneck machines cannot be delivered for many 
months. Similar conditions are faced by other manufac. 
turers. 

In order that part makers will know the prime manu- 
facturers’ needs in advance, production drawings and ma- 
terial specifications are now. being brought up to date. 
The War Manpower commission recently authorized the 
transfer of a limited number of technicians for such work. 

Still other factors that must be planned for are the tor- 
rents of problems that will flood in on management when 
war contracts are canceled wholesale. One motor com- 
pany calculates that, in its plants alone, about fifty-million 
dollars worth of Government-owned equipment and 100,- 
000 tons of all kinds of material in every stage of refine 
ment from rough billet to finished assembly, will have to 
be cleared out of some 17-million square feet of floor 
space for complete reconversion. 

The race to get cars out will find all motor companies 
striving to telescope time, -with a variety of shortcuts be- 
ing employed. Because no two companies face the same 
problem, a wide time gap may separate the fastest pro- 
ducer from the slowest in getting the first cars on the 
market. 

The accompanying chart graphically indicates the plan- 
ning and timing necessary for all activities leading up to 
automobile production. Previous to “Go” Day or the ac- 
tual beginning of reconversion, six months must be al- 
lowed for engineering and testing, tool and die making, 
and procuring machinery and-equipment. Other activi- 
ties require less time, as shown. From the start of pro- 
duction, three months will -be required to reach full 
schedule. 





1. ‘Engineering and Testing’ 


2. Tools and Dies 








3. Machinery and Equipment 


4. Materials: 
a. Materials Controlled 





Under CMP 
b. Materials Not Controlled 


Fabrics 


Special Materials | 


- Purchased Parts 





and Assemblies . 
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Weldments 


By Edward J. Charlton 


Lukenweld Inc. 


SE OF welded machinery parts is about to 
enter what is perhaps the most important 
stage in its growth. Records based on 

approximately 15 years experience have served 
to prove the adequacy and engineering value of 
such parts in diverse fields, and certain convic- 
tions or assumptions in design philosophy have 
been substantiated, particularly under operat- 
ing conditions embracing fatigue and impact. 
Basic impetus behind this general acceptance 
can be divided into two parts—economic and en- 
gineering. An additional impetus during the war 
years has been the abnormal urgency of acquir- 
ing necessary parts by any means as quickly as 
yssible. In many such cases, normal economic jus- 
Undoubt- 
lly much misuse of weldments has resulted be- 
tause of war necessity. Instances exist of their 
pplication solely because of scarcity of other 
materials, while criteria established by battle 
famage possibly have introduced the use of 
veldments in applications not otherwise justi- 
ted. Inevitably, in instances of this nature, the 
tend will be toward reversion to the use of 
tastings. 
Without doubt certain ‘changes in design 
titeria are due, for weldments have been ap- 
plied to machines the overall design of which was 
zen for one reason or another, with the result 


















From @ paper presented at the recent annual meeting of 
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Fig. 1—Above—Although produced by the hundreds, this gear 
housing is made as a weldment because of high predictability 


Fig. 2—Below—Severe operating conditions due to high speed 
dictated the use of welded forgings for this’ blower impeller 








that possible superior advantages have been submerged. 
Unless the machines are redesigned to realize the full 
value of welded construction, reversion might occur in 
these cases also. 

Several basic reasons for the use of welded parts apply 
also to the selection of any engineering material, and re- 
flect either economic or engineering concepts or a com- 
bination of the two. These reasons are: 


Comparative first cost 
Predictability 

Strength characteristics 
Need for greater rigidity 
Weight reduction 
Wearability 

Operating efficiency 
Natural adaptability. 


These factors determine the selection of a material or 
process, and usually one of them dominates, with the 
others as lesser influences. 

CompaRATIVE IniTIAL Cost loses its engineering sig- 
nificance if the design is adequate, if it is economical, if 
possible indirect economies have been considered in cost 
comparisons, and if the specifications are clear and con- 
clusive. It then becomes purely an economic considera- 
tion and a function of the purchasing department. 

PREDICTABILITY can be a matter of insurance. Such in- 
surance is an economic reason justifying the use of a new 


type of structure. If the first cost of the weldment ex- 
ceeds that of a previous method of fabrication which had 
tailed, the premium can be considered as that on an in- 


surance policy against failure. Machining, installation 
and loss of production while the replacement was being 
built also are cost factors. 

Another item involving predictability is rejection or 
scrappage. The small part shown in Fig. 1 has been pro- 
duced by the hundreds and it is hard to conceive that its 
first cost could compete with that of a casting. Use of 
this weldment stems from the alleged expenditure of an 
average ef 75 hours for repair on each such casting. Thé 
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user of this part apparently feels that a weldment is justified 
because of its higher degree of predictability, and a 
port on the repair time states that the alleged 75 how 
previously necessary have been reduced to one or ty 
hours on the weldment. 

All these factors involving predictability in the trend q 
weldment use have only economic significance. A fact 
of engineering significance is consistent predictability » 
quired by severe operating conditions. The high-spes part 
blower fan, Fig. 2, is composed of a central forging wiiff,, 1 
drop-forged vanes welded to it. These fans operate af joe 
5000 revolutions per minute, are tested at 7500 and havi, ¢, 
been used for several years prior to the war. Obviowyf ¢ + 
the inherent soundness of the forged and welded steel casti 
considered insurance against failure which would be ven§ 7, 
serious at the speeds indicated. necti 


char 
Incorporating Castings in Weldment has | 
flat 

CoMPARATIVE STRENGTH CHARACTERISTICS of compelfthe « 
ing materials are the third reason behind the trends undegmitte 
discussion. Fig. 3 shows the end portion of a rotary mixingdame 
unit, many of which are in operation in a chemical procesgpiece 
The original design used steel castings and properly so, fageomp 
at that time weldments as machinery parts did not warraigsten; 
consideration since too little was known about their desig@§welds 
The castings failed consecutively, following a limiteg In 
service life. Repairs were attempted unsuccessfully s§@ co 
that replacement became a normal procedure. The difigpro 
culties of shape and size limitations apparently were sucgt0 sta 
that a steel casting of the desired strength was not po 
sible in this case. 

Finally the user considered a weldment. The piet 
shown is the result, which has now become standard iffig. € 
this application. The original part has been in servicgion o 
for over five years and no replacements have been necesp!aPe 
sary. No change in the mechanical design was needel ex : 
the weldment simply replaces the casting within the sia ™ “ 
and clearance limitations imposed. ind ir 

A substantial part of the structure, however, is Stikome 
made from steel castings. Castings were used in the défign ; 
sign where economical, as well as to obtain flowing cf ¢ p 
tours, which are inherent in a casting, at those poi 





Fig. 3—Left—End por- 
tion of rotary mixing 
unit has cast steel rim 
and hub, welded to the 
steel plate construction 
comprising the remain- 
der of the weldment 


Fig. 4—Right—Weight 
saving is primary con- 
sideration in use of 
welded steel construc- 
tion for this diesel en- 
gine frame | 
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Fig. 5 — Crankcase frame for 
justifielll sixteen-cylinder marine diesel is 
typical of numerous welded steel 
§ parts which have survived battle 


where such is desirable. This re- 
design represents a profound dif- 
ference in the concept of applying 
ility ref castings. The castings used in this 
h-speed part are of such size and shape as 
Ng Willig be desirable and readily pro- 
erate Wduced in the foundry, in contrast 
nd havo the difficult production features 
lof the entire piece as a single 

if casting. 

Two things are apparent in con- 
nection with comparative strength 
characteristics. First, steel plate 
has been substituted in the large 
fat expanses involved; secondly, 


piece is subdivided into small 
components of predictable 
ugstrength, integrated with 
desig§welds of predictable strength. 
limite In such a mechanical part, 


applicable 
to static loading conditions is 


pine frame (A) is superior to 
_ll-plate construction (B) 
Which has angular contours 
Pod inteinal fissures that be- 
‘ome evident when the de- 
‘Rign is depicted as a single 
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not adequate. Repeated and reversed loading occurs, and 
the endurance limit of the structure becomes the: controll- 
ing criterion. There is a trend toward making the endur- 
ance limit and impact resistance definitely specified prop- 
erties of materials to be used in the structural parts of 
machines. 

Maximum Ricipiry, to be discussed clearly, must be con- 
sidered within definite weight and space limitations. Thus 
limited, maximum rigidity obviously can be realized only 
by disposing material with the highest possible modulus 
of elasticity in the most effective manner. Thus there is 
no question that an iron casting is more rigid if it weighs 
enough or is sufficiently larger in cross section. The 
foregoing remarks may seem elementary, but they are 
made because the repeated assertion in the early days of 
welded steel, that cast iron is stiffer, is still heard occa- 
sionally. 

Weicut Repuction is the fifth reason in the selection of 
a structural part. This reason has established to a great 
degree the trend in the use of weldments. Weight is a 
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Fig. 7 — Abcve — Produc- 
tion stages of weldment com- 
ponent used in the design 
shown in Figs. 5 and 6 
illustrate initial billet, rough 
rolled form, flame-cut shape, 
and the shape _ rough- 
machined to dimensions 


Fig. 8—Right—Subassembly, 
with welding completed, is 
accessible from standpoint 
of welding and inspection 


watchword in transportation equipment with current em- 
phasis on increased speed, safety and operating effi- 
ciency. 

Weight reduction dictated the engineering selection of 
construction for the diese] engine frame shown in Fig. 4. 
This frame is more complicated than it appears. Much of 
it is composed of metal 3/16-inch thick, and such thin 
sections throughout its structure connect with heavier 
sections in a somewhat abrupt manner. There are laby- 
rinths in its shape involving many small enclosed pockets. 
Clearly it would be difficult, if not impossible, to use any 
other known form of construction with less weight. Thou- 
sands of these frames have been produced without ques- 
tion of predictability or design hazard. 


WEaraBILITY, the sixth point mentioned as establishing 
trends in the use of weldments, is typified by the “riding 
rings” on rotary kilns. Formed in bending rolls to a 12- 
foot circle and butt welded, each ring is a plate 8 inches 
thick, 23 inches wide and weighing 12 tons. Wear nat- 
urally controls their service life, but they do not wear out 
as quickly as those previously used. 


Operating Efficiency Increased 


INCREASED OPERATING EFFICIENCY of the machine in 
which the parts are used is the seventh reason. The 
steam-heated dryer roll used in the paper, printing, drug, 
and textile industries is an important advance in the use 
of welded machinery parts. At least 250 welded steel 
dryers are now in use, some of them having been installed 
for more than ten years. Although they are lighter in 
weight than castings, this is not usually a prime consid- 
eration. In one application steam consumption was re- 
duced approximately 40 per cent, yet production was in- 
creased. Thickness of the outer shell is approximately %- 
inch on one dryer operating under a steam pressure of 
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100 pounds. The replaced iron dryer, with much thick 
shell, carried 20 pounds of steam. 

NATURAL ADAPTABILITY—the suitability of a weldg 
structure to design requirements—is the final item esty \ 
lishing trends. A typical example is that of a beam 
in the construction of a strongback bending roll aj 
weighing approximately 30 tons. Roughly it is 50 fe 
long and 6 feet high with flanges 5 inches thick and wai 
plates %-inch thick. It seems obvious that welded 








struction is most suitable for parts of this nature. Cleat 
riveted construction would not be more adaptable or & 
nomical. It is not likely that castings in either steel 
iron would be more economical. 

In most applications the fundamentals of selection appif in 
in combination. The foregoing examples are intended i ice 
illustrate the predominance of the reason under whit re: 
each was described. Developments excited by wartim 
considerations have been avoided deliberately. Ti ly, 
prosaic examples shown were selected, first to illustra str 
the varied reasons for the use of weldments, and secon be 
ly, to show the breadth and depth of their application. J ev 


wi 

Utilizing Rolled Steel a 

: ere 

Certain engineering fundamentals underlie the use oe 
any type of construction or material. The basic fund ok 
mental behind the use of weldments is the engineetil a 
utilization of rolled steel. Such utilization may invo fra 
simple supports or it may involve a relatively compl sin 


structure such as shown in Fig. 5. 

Early weldments were considered practically as rivet 
structures. It was assumed that a welded joint W 
simply a joint. A pure butt weld was considered a hazil 
and structures were designed to eliminate them. Ag 

Electrodes, equipment and technique have develop’ mt 
progressively so that today a properly executed weld né hea 
not be regarded as a joint. A wide background of opeti Cas 
ing history substantiates this, for it is a recognized fun 
mental that a weldment when completed is not a mulg Ma 
ber of separate components joined together, but a sing 
homogeneous piece of steel. 

The material, of course, must be weldable. Many i 1 
of carbon steel and its alloys are readily welded, but det 
require special care involving, for instance, preheating Wer 

Field welding, or structural repair, must be taken mg te 
Mac 
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account in the selection of steel. Perhaps design loads of these fractured frames was returned to the fabricator 





are based on physicals dependent on special heat treat- for careful investigation. Location, type, and possible 
ment. It is practically impossible to heat treat the weld- causes of the fractures were studied and all surface cracks 
» weld ment in the field. Possibly the steel is not weldable at and every inch of weld metal were examined carefully. 
M sti Jow temperature. Ordinarily these can be said to be con- Exactly 126 separate fractures were found—all of which 
ae ‘# siderations of little importance. They apply, however, undoubtedly occurred some time during combat or short- 
an 
5 50 fee 


Fig. 9 — Left— Welded 

engine frame _ incor- 

porates subassembly 

pictured in Fig. 8 the 

joining welds having 

been executed through 
the openings 


Fig. 10—Below—Weld- 
ed frame for 2000-ton 
hydraulic press con- 
Clea sists of two steel plates 

q = formed in U-shape and 
le or @ joined by butt welding 
r steel ¢ 





tion app™ in the selection of materials, for instance, in railroad serv- 
tended if ice. In wrecks of minor nature structural parts must be 
ler whil§ readily repaired either by rewelding or straightening. 
y warting Second fundamental is that of design criteria. Natural- 
y. 1 ly, the first of these is the type of service required of the 
illustra structural part. The question of service requirements has 
d secon been detailed in the foregoing eight basic reasons. How- 
cation. § ever, a specific example, which involves many implications 
with regard to service requirements as a basic criterion of 
design is of interest. 

Several years ago a submarine was commissioned, pow- 
ered by diesel engines the frames of which were of welded 


se ; 
he u steel similar to the one shown in Fig. 5. This vessel com- 


sic f e pleted roughly 10,000 hours on these engines in normal 
eT A service and from any standpoint the design of the engine 
y TN | fame had been proved satisfactory. Many hundreds of 
/ COMPN| similar frames are in constant service today. 

as rivelt 

joint ¥ Effects of Battle Action on Weldments 

1 a haga 


. This particular submarine, however, has an extremely 
develop itteresting history from the engineering standpoint. We 
weld nee hear that she was depth charged many times, on two oc- 
of opetilg Casions so drastically that she was blown to the surface. 
ved fundig Ultimately the ship arrived on the West coast with known 
ot a nui ftactures in the engine frames. Some repair was executed 
t a singig at that time and she was then brought to the East coast 
under her own power for general overhauling. 
fany ty" The engines were dismantled completely, permitting 
, but sa detailed inspection, with the result that the engine frames 
sreheatilig Were replaced, many more fractures having been discov- 
taken i@ eed. To broaden the knowledge of design criteria, one 
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ly thereafter since they were noticed while the ship was 
still at sea—nevertheless the ship, of necessity, traveled 
several thousand miles following their discovery. 

With reference to type and location, the cracks can be 
separated into a few categories. Some of them started at 
stress raisers due to machined contours, others at contours 
about openings. The profoundly interesting finding is 
that no failure started in the welds, or parent metal, of 
prin:ary load-carrying members. Some of these members 
have two or more butt welds within their length, dynam- 
ically loaded in tension. 

Some failures started in welds of secondary members, 
welds that were deliberately designed as simple fillets 
with internal fissures remaining. It was assumed that the 


stress in them was of a type or direction that would make 
such joints adequate, and they are adequate for normal 
operation. 





Certain conclusions can be drawn reasonably from this 
service history: One is that design criteria for normal 
operation is much different than that required for battle 
action, if the structural parts of the power plant are ex- 
pected to survive the hull or other parts of the vessel. 

Another conclusion is that a welded machinery part 
most definitely can be designed to withstand unusual and 
indeterminate stresses. Those members and joints in- 
tended to carry maximum normal stress survived the 
drastic shocks perfectly. 

Some of the fractures starting at other points crossed 
over welds in primary members, which substantiates the 
conclusion that a welded joint can be so designed and 
executed that it need not be regarded as such. Otherwise 
the fracture would be expected to follow such a weld once 
it found it. 

Finally, the frame was sufficiently rigid and structurally 
stable so that the severe shocks experienced still did not 
affect the operation of the engines. They brought the 
ship home. 

If properties of the material are to be utilized efficient- 
ly, the metal throughout the structure must be disposed 
properly. Where minimum weight or maximum rigidity 
are of prime importance, metal must be disposed so that 
design loads are carried with the most uniform stress 
throughout or with the maximum moment of inertia. 
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In Fig. 6 an outline of the primary portion of the e,. 
gine frame just discussed is shown at (A). With regard 
to the disposition of metal, note the contours and the pos. 
tion of the welds. The frame could have been designed 
and built as shown at (B), and as a matter of fact many 
are so designed initially. Undoubtedly some have gone 
into service so designed at such points. 

It is reasonable to assume that even though they sw. 
vive normal service, abnormal service of drastic nature 
will cause failure. At any rate it is our conviction that 
such designs are utterly unpredictable and survive by 
good luck. This conviction is supported logically by the 
assumption illustrated in (C) where the same outline js 
shown as though it were a single piece of metal—which 
it is. The internal voids shown exist to some degree w- 
less the welds are made properly. Welds at such points 
in such a design are hard to make, and their X-ray inspec. 


Fig. 11 — Left — Half of a 
formed steel head is used to 
provide the vertical walls and 
rounded corners of the main 
portion of this weldment 
which is part of the upper 
housing for a ship turbine 


Fig. 12—Below—Component 

part of the rear axle housing 

shown in Fig. 13 is flame cut, 
hot formed and pressed 


Fig. 13—Below—Rear axle housing is a weldment @ 
corporating two of the component parts in Fig. 1a 





MacHINE DESIGN—January, 1% 





a SS a 


Fi 


M.: 


Fig. 14 — Drop-forged 
sections shown in fore- 
ground are flash weld- 
! ed to form the weld- 
esigned ment component behind 
ot many 
’e gone 


ey sur- 
nature 





Fig. 15—Below—Eight 

small steel castings are 

flash-welded to provide 
this component 


Fig. 16 —Below—Drop-forged components are typical of many used 
inweldments. Machined forging at right is hub of a large gear blank tion is difficult also. 





Another point concerning proper disposition 
of metal is external contour. Flowing contours 
are natural to castings, the necessity being im- 
posed by foundry requirements. They are nec- 

y oii essary for another reason, too, in the structures 

A of the type which we are discussing, because 
/ sg te they provide relatively even stress levels. This 
f S Pa logically is an absolute requirement for mini- 
J f I Se mum weight and maximum serviceability. 

f a Such design criteria cost money and there 
/ at seems to be a natural tendency to just “weld” 
and hope for the best. Service records, how- 
ever, substantiate our convictions on this score. 
Fig. 7 shows the production stages of the com- 
\ ponent noted in the center of the left view in 
- Fig. 6(A). On the left is the initial billet. Next 

is the shape rolled from this billet. Following 
this the part is further shaped to desired con- 
tour by flame-cutting on a multiple-torch ma- 
chine. Finally the piece is rough machined to 
required dimensions. Welding kerfs are pro- 
. vided in the same machining operation. 
al Another typical criterion is the welding con- 
, ditions imposed by the design. Full-strength 
welds must be accessible so that they can be ex- 
ecuted properly. Too, they must be designed 
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so that they can be inspected readily. The first question 
here for the designer is the quality of weld required. 

As an example, Fig. 8 shows a typical subassembly 
with the welding completed as shown, which is acces- 
sible from the standpoint of both welding and inspection. 
Shrinkage and warpage have been eliminated as effects 
on the final assembly, and the other portion of the final 
structure also has been welded under most accessible con- 
ditions. It has been inspected and’ controlled separately 
from the standpoint of shrinkage or warpage. Fig. 9 
shows this subassembly in its final position with the join- 
ing welds between the subassembly and the remainder 
of the structure executed through the openings. 


Basic Component Is Hot-Rolled Plate 


Definite trends emerge in the type and form of com- 
ponents being used in weldments. These trends are es- 
tablished naturally by economy and inherent design free- 
dom. It is evident from the examples given that hot- 
rolled plate is the predominant component. Undoubted- 


ly this is due mainly to the freedom in design that two- 
dimensional plates allow, for almost any conceivable size 
or shape can be designed using plate as the basic com- 
ponent. 

Judicious use of other types of components in combina- 
tion with plate provides added freedom and economy. 
The various methods of shaping or forming plate are 

























utilized for the same reasons. The most widely used plate 
component is, of course, the flame-cut shape. 

Bent plates typified by those shown in Fig. 10 are used 
to advantage in many applications. The stiffening side 
members of this hydraulic press frame are of plate formed 
on the press brake. Their use in this typical instance re. 
duces the welding required, provides initial stiffness o 
stability in the component, and adds to the appearance of 
the weldment. The primary member of this frame is com- 
posed of plates formed on bending rolls and butt-welded. 

Hot-flanged or “spun” heads often are used to advantage 
as components. In the weldment shown in Fig. 11, one 
head is halved to provide the vertical walls and rounded 
corners of the main portion of the structure. Welding is 
simplified and better appearance results. With the ad- 
vent of quantity requirements there is a trend toward the 
use of hot pressings or stampings, as shown in Fig. 12. 
This one is approximately 53 inches x 10 inches x 6 inches, 
of 7/16-inch thickness. Two such pressings form the 
major portion of the housing pictured in Fig. 13. 


Utilizing Drop-Forged Components 


Designs based on quantity production include, to ad- 
vantage, drop-forged components. They provide freedom 
of shape and eminent predictability where necessary, and 
forging die cost becomes insignificant in such quantity 
applications. Fig. 14 is an interesting specialized use of 
drop-forged components composed of several 
small forgings which are flash welded together. 
Design freedom in shaping for minimum weight 
and maximum predictability results. 

Castings are utilized in a similar manner. Hun- 
dreds of tons of steel castings as shown in Fig. 
17 are used as components in machinery weld 
ments, and this use has opened a completely new 
market for stee] castings as well as forgings. 
Generally such components are used in parts of 
a size or nature prohibitive or impossible as 4 
one-piece steel casting or forging. Fig. 17 pic 
tures a typical cast steel component. Clearly 

(Concluded on Page 192) 


Fig. 17 — Left — This 
component is more sat- 
isfactory as a casting 
than as a built-up plate 
design. It is used in the 

weldment in Fig. 18 


Fig. 18—Principal com 
ponents of this frame 
are steel castings (Fig- 
17) welded together to 
form a structure whosé 
cost might be prohibr 
tive cast in one piece 
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By Joseph Marin 


Pennsylvania State College 


to ad- 
>edom 
y, and 
jantity 
use of 
everal N THE design of some machine 
sether. parts, consideration of the fatigue 
weight strength of the material to be 
used is highly important. In recent 
Hun- | years the machine designer has used 
n Fig. | fatigue test data in determining the 
weld- § size of members subject to alternating 


Fig. 1—Bending test setup in universal fatigue testing machine 
developed by Sonntag Scientific Corp. 


ly new stresses. The purpose of this article is to discuss the in- Fig. 2—Variations in stress with time. At (a) are shown 
rgings. § terpretation of these fatigue test results and to apply these complete reversals while (b) indicates the more general 
arts of § results to the design of machine members. condition of stress range met in most applications 


2 asa§ Importance of alternating stresses in the design of ma- 
'7 pic: J chine and structural members depends upon the type of 
Slearly § application considered. For example, in some structures 
the number of stress reversals are relatively small com- 
pared to those during the life of some machine parts such 
as railway axles, crankshafts and connecting rods of en- 


— This } gines, automobile springs and chassis, lineshafts, gear 
” = teeth, valve springs, and turbine shafts. 
per To determine the resistance of materials to fatigue 


J in the 4 t€SS conditions, three distinct kinds of fatigue testing 
ig. 18 have been developed; namely, 

l. Testing of single crystals 

2. Testing of specimens 

8. Testing of machine or structural members. 

Some work has been done on the first type dealing with 
single crystals(1)*. Although this work is of great value, 
e engineer must interpret the stresses as obtained by a 
stress analysis method in terms of the strength of the ma- 
terial. For this reason most of the work done on fatigue 
strength of materials has been of the second type, namely 
a] com } the testing of specimens, Fig. 1, under simple stresses such 


: : Number of Cycles = N—= 
framé 4 xs bending, axial tension and compression, or torsion. 
a he Lately the third type of fatigue testing has received 
wha considerable attention. Fatigue test results have recently 


rohibi- been reported on machine and structural members such 


—_—— 





| piec® Numbers refer to references given at end of article. 
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Fig. 3—Plotting of S-N diagram for a series of tests 


as railway axles, riveted and welded joints, bridge rollers, 
beams, built-up columns, car wheels, springs, aeroplane 
parts and railway rails. Special testing machines have 
been built for testing complete members(2)° but usually 
the expense or time involved does not permit this type of 
testing and the designer must then rely upon fatigue test 
data obtained by using standard size specimens and 
standard fatigue testing machines. The standard types 
of testing machines and test procedures used for deter- 
mining fatigue strengths have been discussed in detail (3). 
Interpretation of the test data for purposes of design, 
however, has not received sufficient attention. 


Interpretation of Fatigue Strength Data 


Most fatigue-strength values are determined for re- 
versed bending stresses in which a rotating specimen is 
subjected to a pure bending moment. In this test a stress 
which fluctuates from compressive stress to a tensile stress 
of equal magnitude is produced on the outer fiber, as 
shown in Fig. 2a. The machine designer, however, is in- 
terested in the more general case of stress fluctuation 
where the ratio between the maximum stress S,,,, to the 
mean stress S,, can be varied, Fig. 2b. An axial fatigue 
stress machine is used for this purpose. A series of speci- 
mens are tested with a constant value of the mean stress 
S,, and varying values of the maximum stress §,,,, for 
each test, Fig. 2b. In each test the number of cycles, 
N, to produce failure are determined and an S-N diagram 
is then plotted, as shown in Fig. 3. Other series of tests 
can then be made for various values of the mean stresses. 
From each S-N diagram the fatigue strength S,,,,' is se- 
lected. The basis for defining this strength may be either 
the stress for a specified number of stress cycles or the 
stress obtained by drawing the horizontal asymptote to 
the S-N curve, Fig. 3. In the determination of the fatigue 
strength there is one case, represented in Fig. 2a, in which 
the mean stress S,, = 0 and the stress is completely re- 
versed from a minus value to an equal positive value. 
The value of S,,,,, for this condition of complete reversal 
will be designated by S,. 

Various methods of plotting have been used to repre- 
sent graphically the influence of the stress ratio Syqz'/S,». 
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Fig. 4 shows a method in which the maximum stress i 
is plotted against the mean stress S,,. Point P in Fig, 4 
then represents the results of one series of tests, as show, 
in Fig. 3. Point A is determined from tests refining th 
fatigue strength for complete stress reversal, since for com. 
plete stress reversal S,, = 0 and S,,,,' = S,. Point C rep 
resents the case of failure by static tension, since for static 
tension S,,g;) = S, = the yield stress or stress defining 
failure by yielding and the mean stress S,, = S,. Be. 
tween these extreme stress conditions represented by 
points A and C, test data show that for ductile material 
test points, such as point P, fall above the straight lin 
AC. That is, a safe assumption is to consider failure x 
represented by the straight line AC. Recently J. 0, 
Smith(4) assumed two straight lines in place of the line 
AC. Although Smith’s interpretation represents the tes 
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Fig. 4—Graphical representation of influence of stress 
ratio with maximum stress plotted against mean stress 


data more accurately, the use of the straight line assump 
tion given in Fig. 4 greatly simplifies application of th 
data in the design of simple stress members. 

The design stress corresponding to the assumed failure 
line AC can now be determined. To do this let n, = 
factor of safety for dynamic or fatigue stress and ny, = 
the factor of safety for static stresses. Then (OD) 
S,/n, represents the design stress value for complete it 
versal of stresses and point E with coordinates = S,/% 
represents static tension. The ordinates to the straight 
line DE will then give the design or working stresses fo 
intermediate ratios of the maximum to the mean stres 
That is, the line DE represents the design stresses come 
sponding to the failure line AC. The equation for the 
line DE is determined by noting that the triangles DG 
and DEJ are similar. It follows then that 
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or, Solving for S,,¢, and simplifying, 
, , Se 
Snaz=Sm(1—kp)+—— are cr adibWara gia whem eee eee eee eee (1) 


where p = (S,/S,) and k = n,/n,. 
Since S, = pS, = pn,S,, where S,, = the static design 
stress for the material, Equation 1 can be written, 


Snaz=Sm(1—kp)+kpS~ ey’. Sane ee eee ee eee ee (2) 


Equation 2 gives the value of the design tensile stress S,,,, 
for a given value of the mean stress S,, in terms of the ma- 
terial constants p, S,, and the factor of safety ratio k. 

To represent the variation in the design stress graph- 
ically, Equation 2 may be divided by S,,, or 





S Sn 

——s——(1— BR Tr CST: AB RI 3 

a? * (1—kp)+ i (3) 
or 

NN ERENT eg O OLE LEO TOT OE (4) 


where R and s are the stress ratios S,,,,/S,. and S,,/S,, 
respectively. The variation in the design stress ratio R 
is shown in Fig. 5 for various possible values of p and k. 


Fig. 5—Variations in design stress ratio for various values 
of ratio p and factor of safety ratio k 
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Fig..6—Simple stress members having fluctuating axial 
bending and eccentric fluctuating axial loads 


Fig. 5 also shows values of the design stress ratios for 
cases in which the mean stress S,, is compressive; that is, 
for negative values of s = S,,/S,. In plotting lines for 
the compressive values of S,,, in Fig. 5 it is assumed that 
the strength values represented by line AC in Fig. 4 are 
the same for both tensile and compressive values of S,,. 
There are test data that show the foregoing assumption 
is on the safe side of the test results. Smith(4) gives some 
data for stress conditions where the mean stress is com- 
pressive to show that the equation S,,,,’ = S,,+5S, applies. 
For the design conditions the design stress would then be 








Although there is considerable test data to support the 
use of Equation 5, the use of Equation 3 for both tensile 
and compressive mean stresses seems justified in view of 
the simplification in using one equation in place of two. 

The foregoing discussion has been confined to ductile 
materials. For brittle materials such as cast iron there is 
not sufficient information available from which to deter- 
mine an empirical equation. Smith(4), however, on the 
basis of a few test results on cast iron, gives an empirical 
relation for the fatigue strength of cast iron. For tensile 
mean stresses this relation can be expressed by the equa- 
tion 


1-Sn/Su 
Sos’ =Sn+S.( a ae 
where S, = the ultimate tensile strength. 


Design of Simple Stress Members 


Using Equation 2 it is a simple procedure to determine 
the cross-sectional dimensions of members subject to fluc- 
tuating axial, bending or combined axial and bending 
stresses, Fig. 6. 

EXAMPLE IJ—Ax1AL TENSION-COMPRESSION MEMBERS: 
Connecting rods and bolts are examples of straight mem- 
bers with constant cross sections subject to fluctuating 
axial stresses. Equation 2 can be used to determine the 
cross-sectional area A required for known values of the 
maximum (P,,,.,) and mean (P,,) axial loads. Placing 
Smaz = Pmar/A and S,, = P,,/A in Equation 2, 
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Puss 
A 





P. 
= (l- kp) +kpS. 


or 





a= (“5") [Gp - pr (Ge-) J-em 


The required area A is determined by Equation 7 for 
given loads P,,,, and P,,,- material constants P and S,,, and 
factor of safety ratio k. The term Q in Equation 7 can 
be considered as a correction factor for dynamic loading 
since the first term Pyq,/S, is the area required if P,,., is 
statically applied. Fig. 7 gives diagrams for determining 
the area A when values of the load ratio P,,,/P,,,, and con- 
stants k and p are known. The ordinates in Fig. 7 are 
values of Q, so that the area equals the ordinate times 
Pmaz/Sy- Values of the area can be obtained for various 
values of the load ratio P,,/P,,,, and for a number of pos- 
sible values of k and p. 


EXAMPLE 2—MEMBERS SUBJECT TO FLUCTUATING 
BENDING STRESSES: Many machine members are subject 
to stresses that are produced primarily by fluctuating bend- 
ing moments. Leaf springs and some connecting rods are 
examples of such members. If the moments in these mem- 
‘Bers vary from a maximum value of M,,,,,, to a mean value 
M,,, Fig. 6b, the maximum and mean stresses are: 


Mina m 
e and Sna= me tela ties 5 ep bia Oi ido, SObNE Abe Whe Be 








Smas a: 


where I = the moment of inertia of the cross section and 
c = the distance from the neutral or centroidal axis to the 
outer fiber of the member. Placing values of S,,,,, and S,, 
from Equation 8 in Equation 2 and solving for I/c, 
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Equation 9 defines values of the section modulus I/, 
in terms of the load ratio My,/Mmgz. Placing I = Ap 
where r = the radius of gyration, Equation 9 can be used 
to determine the area A. That is, Equation 9 becomes 


a-(5) (2) -aeGe - 4) 


The curves in Fig. 7 can be used for determining th 
required section modulus I/c provided the abscissas ag 
considered to be the moment ratios My,/Mima, in place @ 
the load ratio P,,/Pma,- Then the ordinate multiplied by 
Mnax/Sw equals the section modulus required. 





Eccentric Loading Produces Bending 


EXAMPLE 3—MEMBER SUBJECT TO ECCENTRIC FLue 
TUATING Loap: Members are sometimes subject to flu 
tuating loads that do not act along the neutral or cep 
troidal axis. A bending moment is then produced # 
shown in Fig. 6c. If the applied eccentric load varig 
from Pina; to P,, and acts with an eccentricity of e, the 
maximum and mean values of the stresses are expressed 
by the following: 





Pres A (Paste) 
Smnoz™ A 7. I 
Pn , (Puede 


ulti ANE | 





Equation 11 give the correct values of the stresses pro- 
vided the cross section of the member has one axis of 
symmetry and the eccentric load acts on this axis a 
shown in Fig. 6c. Placing values of the stresses from 
Equation 11 in Equation 2 and noting that I = Ar’, the 
cross-sectional area required is 


(Continued on Page 200) 


Fig. 7—Diagrams fot 
determining cross-sec: 
tional areas when load 
ratio and constants | 
and p are known 
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Bevel Gears as Applied 


in Lightweight Designs 


By L. J. O’Brien 


Gleason Works 


Fig. 1—Above—Main drive 
from engine to dual-rotation 
Propeller includes a reduc- 
tion unit and a reversing 
unit, both employing bevel 
gears. Pitch-changing mech- 
anism also uses bevel gears 
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demand for bevel gears to meet many special require- 

ments has increased considerably. In power-operated 

control drives for retractable landing gears, bomb-bay doors, 

rudders, ailerons, etc., bevel gears in connection with hydraulic 

or electric motors have provided a logical system of supplying power to any location 

in the airplane. Bevel gears often permit the locating of accessories more conveniently 

and compactly around the aircraft engine. They maintain the proper relationship of all 

blades in variable-pitch propellers and provide a means of reversing shafts for dual- 

rotation propellers, Fig. 1. On fighting ships, bevel gears are used in the gun turrets, 

bomb sights, automatic pilots, etc. The main reduction in both airplanes and helicop- 

ters, as well as arrangements where the engine is located in the fuselage with a drive to 

propellers in the wings, are only a few of the other applications of bevel. gears in 
aircraft. 

Bevel gears differ in respect to the type of teeth used. The straight bevel gear, 
Fig. 2, has teeth which are straight and which, if extended inward, would intersect the 
axis. This is thé oldest and most familiar form of bevel gear. 

Illustrated in Fig. 3, the Zerol gear has been extensively used in aircraft to over- 
come some of the limitations of the straight bevel. This type of gear has curved teeth 
which are cut with face-mill cutters having multiple blades and can be ground, whereas 
machines for grinding straight teeth in bevel gears are not available. The curved tooth 


\ ' Y ITH the development and improvement in aircraft, 


Abstract of a paper presented at the recent national aeronautic meeting of the Society of Automotive 
Engineers in Los Angeles 
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which, if extended inward, would intersect the axis 


Fig. 3—Above, Right—On curved-tooth gear the length 
of tooth bearing can be controlled to allow for deflection 


always has the advantage that the length of tooth bearing 
can be controlled by varying cutter radii so as to allow for 
different deflections of the gears under different loads. 
The curved-tooth gear has the same thrust and tooth ac- 
tion as a straight bevel and may be used in the same 
mountings. However, in curved-tooth gears al] front and 
rear hub projections above the root line must be elim- 
inated to provide cutter clearance. 

Spiral-bevel gears as shown in Fig. 4 have curved, 
oblique teeth in which contact begins gradually and con- 
tinues smoothly from end to end, consequently such gears 
are used for transmitting heavy loads at high speeds, 
especially where smoothness and quietness are required. 
Properly designed, they will have at least two teeth in 


TABLE I 


Maximum Design Loads for Aircraft Applications* 
(Pounds per inch of face) 








Teeth in Diametral Pitch 

Pinion 3 4 5 6 8 10 
| 2450 2120 1900 1730 1500 1340 
| epee 2740 2370 2120 1985 1675 1500 
me SR Sk 3085 2670 2890 2180 1890 1690 


24 and up..... 3465 3000 2685 2450 2120 1900 


“Based on surface durability for case-hardened ground-tooth spiral 
bevel gears. 

Note: Mountings and lubrication must be in accordance with best 
practice in order to transmit the above loads satisfactorily. 


contact at all times and for this reason will transmit as 
much as 30 per cent more power than the corresponding 
straight or curved-tooth bevels. The direction of endwise 
thrust in spiral teeth may vary with the direction of rota- 
tion. This has led to a misconception that spiral bevels 
are good for one direction of rotation only. The spiral- 
bevel rear axle on your automobile, however, will run 
equally well in either direction. The only requirement 
of a spiral-bevel gear set for reversible operation is that 
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Fig. 2—Above— Straight bevel gear has straight teeth 


the members be held against thrust in boti: directions, 
No distinction is made between the efficiency of straight 
and spiral-bevel gears. Accurately manufactured gears 
of this type, properly adjusted in the mountings, are cus- 
tomarily rated at 98 per cent efficiency. 

The hypoid gear and pinion shown in Fig. 5 are simi- 
lar in general to spiral-bevel gears except that the pinion 
axis is offset from the gear axis. The gear and pinion 
shafts of the hypoid pair may continue past each other 
to allow compact multiple-drive arrangements. 


Factors Affecting Bevel Gear Selection 


First step in the design of gears for a particular appli 
cation is to study all of the conditions under which the 
drive must operate. The type of gear to be used should 
be based on a consideration of speed, power, type of 
mounting, and requirement of operation. Where condi- 
tions are such that either a straight bevel or Zerol could 
be used, it is desirable to make the design such that the 
latter type can be incorporated without change. There 
have been several instances recently where production 
problems could have been simplified by incorporating 
ground Zerols in place of straight bevels. However, ma 
jor changes in the original design would have been re 
quired to remove hub projections which prevented the 
cutting of the curved teeth. 

Spiral bevels are strongly recommended where pitch- 
line peripheral speeds exceed 1000 feet per minute. In 
many applications, spiral bevels may be used to advantage 
at lower speeds because of greater smoothness and quiet 
ness. It is also well to remember that spiral bevels wil, 
in most cases, provide a lighter overall construction due 
to their greater load-carrying capacity. 

Practice for the last few years in aircraft work has beet 
to select an initial gear size on the basis of the surface 
durability in pounds per inch of face. The maximum 4 
lowable load values for surface durability of ground spiral 
bevel gears as used in aircraft are shown in TaBLeE I. Fot 
curved-tooth gears the allowable loads are taken as one 


half those for spiral bevels. 
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Experience shows that the effects of the rigidity of the 
mounting and of lubrication cannot be too highly empha- 
sized. The loads in Tasie I cannot be carried satisfac- 
torlly unless proper mountings and lubrication are pro- 
vided. Because of this it is advisable to base the loads 
with respect to surface wear on mounting conditions, 
rather than on an estimate of theoretical surface pressure. 

For good design, the face width should not exceed .3 
of the cone distance for spiral bevels or .25 of the cone 
distance for curved-tooth bevels. No installation can be 
made absolutely free from deflections, and should these 
deflections be of a nature to concentrate the load at the 
mall ends of the teeth, the entire load will be carried at 
this weakest point. Accordingly, failure will be more 
likely to occur on a gear with a longer face width than on 
one with a shorter face width and correspondingly coarser 
pitch at the small ends. 

Taking the gear ratio desired and the approximate gear 
sie determined as in the foregoing, a tentative diametral 
pitch can be selected from the chart shown in Fig. 6. It 
is of no importance in bevel gears to select an even or 
standard number for diametral pitch because with the 
method of cutting used, tools or cutters are not narrowly 
stricted to certain pitches. For instance, the same cut- 
lr may be used satisfactorily for either 4 or 4.17 D.P. 


Checking Tooth Strength 


Having determined the approximate gear combination, 
the next step is to check for tooth strength and fatigue 
life. To obtain the stress in a bevel gear tooth we have 
fora number of years used a modification of the familiar 
lewis method. In the old Lewis method, the full load is 
‘plied to the tip of the tooth. In the modification of this 
method, the load is taken in the position when it is carried 
m'one tooth. Thus, in Fig. 7 the pinion tooth at the left 
isjust on the point of engagement so that the tooth at the 
tight carries the full load. This is the worst condition of 

ing on the pinion tooth, since further movement to 
the right brings another pair of teeth into contact to share 
the load, while further movement to the left brings the 
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Fig. 4—Above, Left—Spiral-bevel gear has curved oblique 
teeth at least two of which are in contact at all times. 


Fig. 5—Above—Hypoid gear has curved teeth like the 
spiral bevel, but pinion axis is offset from gear axis 


/ 


Fig. 6—Below—Chart enables designer to select tentative 
diametral pitch for 90-degree spiral-bevel gears 








pitch diameter - inches 


Pinion 


























Fig. 7—Above—Worst condition of loading on pinion 
tooth is when whole load is carried by that tooth just prior 
to engagement of another tooth which will share the load 


Fig. 8—Below—Position of worst loading on one gear tooth 
is established in same manner as for pinion 














line of application of the force nearer the base of the 
tooth. Similarly Fig. 8 shows the worst condition of 
loading on the gear. 

If the tentative gear size does not meet the require- 
ments for fatigue life and static strength, a larger gear or 
coarser pitch combination will, of course, have to be used. 

In 1931 the General Motors research laboratories pub- 
lished a stress cycle graph based on tests of a large num- 
ber of rear-axle gears, with the stress estimated by the 
method described. This chart or graph has since fur- 
nished the background for predicting the life of a bevel 


gear set with reasonable accuracy. Numerous other tess 
being made are providing similar data for aircraft app}. 
cations. The form of this chart is shown in Fig. 9. 

For a number of months the Gleason Works has bee, 
conducting extensive tests on right-angle ground spir. 
bevel gears under contract to the Army Air Corps. Th 
machine constructed for this work is shown in Fig, 10, 
It is designed to test load capacity and endurance of bey¢l 
gears at speeds and loads encountered in aircraft drives 
Provisions are made for varying the load and speed over, 
wide range of values, and automatic regulating and 
cording devices are incorporated so that a complete recor 
of operational data is obtained for analysis. A wide rang 
of bevel gear sizes and types can be tested in order that 
the effect of various design factors as well as operating 
conditions may be studied. The data obtained over, 
long-range testing program on this machine should adi 
considerably to the field of bevel gear design and applica 
tion. 

General arrangement of the machine consists of a gea 
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Fig. 9—Chart relating gear stress and gear life forms th 
basis for predicting life of a bevel gear set 


Fig. 10—Machine for testing aircraft bevel gears ha 
provision for applying loads up to 4000 horsepowet 
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er tess Fig. 11—Typical bevel gear mount- 
t appli. § i29 illustrates design which pro- 
), vides adequate support for the teeth 


as been 
| spiral. 
S. The 
Fig. 10, 
of bevel 
: drives § train arranged in the form of a 
1 over; square, making a closed mechan- 
and re jcal torque system. Mounted at 
= recon § two corners of the square are the 
le rang test boxes containing the gears be- 
der tha ing tested. It is possible to sub- 
perating § stitute a dummy box at one cor- 
Over if ner, permitting the testing of a 
uld adif single box if desired. At the other 
applica § two corners are gearboxes to com- 
plete the square. Between these 
f a geaf two boxes is a bevel gear mech- 
anism by means of which the 
torque in the test system can be 
‘wound up and varied while run- 
ming. The complete system is 
driven by an electric motor through 
‘ne of two bevel gearbox assem- 
Dies which, with slight adjust- 
‘ment of the motor speed, will drive 
fthe pinion of the test box at any 
speed between 2400 and 3600 rev- 
‘olutions per minute. Loads up to 4000 horsepower at 
ithe speeds mentioned can be applied. The torque reac- 
tion of the pinion cage in the windup box is measured on 
@ special scale arrangement. Permanently connected in- 
truments record the torque, time and date at regular pre- 
determined intervals throughout a test. 

' The operator has complete control of the machine and 
auxiliary apparatus from the control panel. Test infor- 
rms th} mation automatically recorded on charts or tapes consists 
et of the following: Oil inlet and outlet temperatures, gal- 
ars has§ ons per minute of oil flowing to the test box, speed of 
sepowe!§ Pinion shaft, and torque load as recorded by the scale 
Imechanism. Multiple-point potentiometers record the 
©) } emperatures of various parts of the boxes under test. 







































New Design Data Forthcoming 


This machine has been described in detail to give a 
better picture of how the various factors affecting gear 
life may be judged. In the near future we hope to be 
able to publish design data based on the results of these 
sts, together with improved tabulated values of tooth 
form factors for strength of bevel gear teeth. 

‘Tooth loads in spiral-bevel and hypoid gears produce a 
itust along their axes, the direction of which depends 
ay hand of spiral, the direction of rotation, and 
iether the gear is the driving or driven member. Bear- 
ig design must include proper provision to handle this 
a In spiral-bevel and hypoid gears, the hand of 
is denoted by the direction in which the teeth curve; 

» left-hand teeth incline away from the axis in a 

Munterclockwise direction when an observer looks at the 
we of the gear, anf right-hand teeth incline in a clock- 
Wise direction. 


y, 196] Mactve Desicn—January, 1945 


04, 
Oe os 
OS 


Left Hand 
“Overhangs 


i 
' 
' 
' 
K 
' 
' 
' 
' 
' 





Thrust loads may be calculated for all types of bevel 
gears with the formulas shown in bearing and engineer- 
ing handbooks. Often the mounting conditions will dic- 
tate the hand of spiral. However, where possible, the 
hand of spiral should be selected so that the axial thrust 
will tend to move both gear and pinion out of mesh or, 
at least, tend to move the pinion member out of mesh. 

Gear shafts should be supported by bearings placed so 
as to provide the best support for the gear teeth. A typ- 
ical right-angle gearbox containing a pair of miter gears 
is shown in Fig. 11. With the type of mounting used on 
the driver in this box, the overhang of the gear should 
be held to a minimum, ard it is a good rule to spread the 
bearings at least 2.5 times the overhang. Note that the 
thrust bearings of the straddle-mounted driven member 
are at the opposite side of the gearbox from the gear. It 
is better to place the thrust bearings near the gear to elim- 
inate the effect of housing expansion. 

The gearcase should have sufficient rigidity to hold de- 
flection and endwise displacement of the gears under 
operating loads to a minimum. A study of the various 
loads on the gears will suggest locations for ribs to reduce 
local bending in the case and provide a light but rigid 
construction. 

Correct setting or adjustment of the gears at assembly 
is important. Provision should be made so that the pinion 
can be set to correct mounting distance by means of a 
simple gage at assembly. After the pinion is correctly 
positioned, the gear can then be adjusted to mesh with 
the mate in the position which gives the desired amount of 
backlash. A study of the tolerances of the component 
parts of the assembly should be made to determine their 
effect on the mounting distances of the gear parts. Shims 
of sufficient thickness should then be provided in the 


idl 








design to permit adjustment of gears to correct position. 

A means of inspecting the gears in mesh is desirable 
both from an assembly standpoint and for periodic check. 
An inspection hole and cover should be arranged so that 
the contact pattern can be observed on the teeth of both 
members of the gear set. 

Problems in machining, gear cutting, inspection, and 
assembling can often be simplified by the proper désign 
of the gear blanks. It is desirable to locate the gears in 
manufacturing operations on the same surfaces from 
which they will be mounted in assembly. Care should 





Fig. 12—Curvic splines are outgrowth of developments on 
curved-tooth bevel-gear cutting and are used in a variety 
of applications, including couplings and clutches 


be taken, therefore, that the mounting surfaces are of 
generous proportions and placed where they can be used 
for locating in cutting the teeth; etc. Spline-bored gears 
require a cylindrical centering fit to insure maintenance 
of concentricity of the splines with the gear teeth. On 
gears in which the splines must be hardened, it is rec- 
ommended practice to take this fit on the minor diam- 
eter of the splines, the major diameter to have clearance. 
Another method is to provide a suitable length of cylin- 
drical fit at both ends of the splines and to use the splines 
only for driving, as illustrated by the driven member in 
Fig. 11. Since heat distortion may introduce both twist 
and out-of-round conditions in the splines, which cannot 
be corrected, it is important that the splines be of no 
greater length than required for load transmission. 

A sufficient amount of metal should be provided under 
the gear teeth to give proper support. The general rule 
is that the rim thickness under the teeth should not-be less 
than the whole depth of the tooth, at the ends of the 
teeth as well as at the middle. 

Splash lubrication is generally satisfactory for peripheral 
speeds up to 2000 feet per minute. For higher speeds, 
some special provision should be made for directing or 
forcing oil into the mesh point. 

Type and scope of gear drawings will vary with the 
procedure followed in a particular plant. A gear-specifi- 
cation drawing, containing all the dimensions which de- 
fine the gear and those which are established by the rela- 
tion of the gear to other parts, is usually required. These 
dimensions include the gear tooth specifications for proper 
operating contact with the mating gear. Specifications 
of material and heat treatment, and notes for inspection 
limits also should be given. The amount of information 
on the drawings is sufficient where both the gear and its 
mate are supplied by the same shop, because the respon- 
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sibility for satisfactory tooth contact then lies with on 
maker. If, however, the gears are to be made in diffe. 
ent shops, duplicate sample or master gears should ly 
provided each shop to maintain interchangeability. 

The method of dimensioning should definitely relag 
the crown point of the teeth to the mounting shoulder, 
Often drawings of gear blanks show dimensions in reg. 
tionship to the cone center of the gear, causing confusioy 
in the shop in turning the blanks. The cone center js 
theoretical reference point in space and is of no value ty 
the machinist in the manufacture of the blank. It is ob. 
vious that for practical reasons all of the dimensions of 
the blank should be such that they can be measured oy 
the blank itself. 

Tolerances of shafts, gears, etc., should be consistent 
and in accordance with the particular requirements of 
the job. It should also be remembered that working td. 
erances are required for the various operations involved 
in manufacture and that the final results cannot be bette: 
than these working tolerances. For example, a .001-inch 
tolerance on the bore may be combined with runout due 
to transfer of locating surfaces between operations o 
added to a series of tolerances used in each operation, and 
it would not be reasonable to expect .001-inch eccentricity 
of the pitch line in the final part. For those reasons, it is 
desirable to hold all blank tolerances to as close limits as 
possible throughout various manufacturing operations, 
Our experience in general has been that the best overall 
results are obtained with casehardened gears. It is a 
recognized fact that the casehardened ‘section adds con- 
siderable strength to the gear tooth in addition to provid- 
ing a good wearing surface. 


Curvic Spline Couplings and Clutches 


Although strictly speaking not a bevel gear, the curvie 
spline is a recent development which is an outgrowth of 
curved-tooth bevel-gear cutting. Two types are shown 
in Fig. 12. These splines are used in fixed couplings, 
semiuniversal couplings, overload clutches, and engaging- 
type clutches. The splines are cut and ground on stand- 
ard bevel-gear cutting and grinding equipment, using 
standard cutters and grinding wheels. The teeth ar 
curved and the amount of tooth contact can be controlled. 
Pressure angles from 0 to 30 degrees are used, depending 
on the application. Accuracy obtained in grinding thes 
splines is such that alignment of parts may be maintained 
to extremely close tolerances. 

One of the large radial engines now in production has 
a built-up crankshaft with parts coupled by ground curvic 
splines. Recently a two-throw crankshaft for a smal 
auxiliary engine was built up from completely interchange- 
able parts. The crankpins, crankcheek and main-bearing 
members were hardened and individually finished to final 
size. Curvic face-splines were then ground from the 
solid in each part as the final operation. With this desig* 
a new crankpin or center member could be inserted with 
out removing the crankshaft from the engine. 

As yet, all the possibilities of this type of spline have 
not been fully developed. To date, in all application 
which have demanded extreme accuracy and maximul 
load-carrying capacity, the use of these splines has bee! 
highly satisfactory and it is expected that this method of 
coupling will soon become an accepted standard. 
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valid Military Research Must Go On! 


nsistent 





ents of T has been said that if Germany could have started using its secret 
me | V-weapons six months earlier, England might have been blasted out 
better of existence and the whole course of the war changed. Be that as it 
01-inch may, the fact remains that German research and development must be 
rut due credited with having produced extraordinary weapons of war that have 
mal given and will continue to give lots of trouble. 

ntricity By the same token, the research and development work that produced 

a the Spittire—and the part this type of plane played in the “Battle of 

rations Britain''—must be acknowledged, as also must be the research behind the 

overall development of the radar equipment that has been put to effective use on 

7 is a so many classes of military equipment by the Allies. 

a Many other instances of scientific research and development could be 
cited, but the foregoing undoubtedly will serve to emphasize the drastic 
need for this country to keep ahead in its programs and plans covering 
research work on military equipment. All activities along these lines 

cae obviously will be pursued with unremitting vigor to the end of the war, 
ywth of but they furthermore should be extended into the period after peace is 
shown signed. As Rear Admiral J. A. Furer told the Industrial Research Institute 
uplings, recently: ‘‘Americans are now ready to face the fact that the war to end all 
or wars has not yet been fought... we must never again take the chances 
using which we took after the last war!" 

oth he Peace brings forgetfulness, but we cannot afford—regardless of leagues, 

ae pacts or alliances—to slip back into the blind attitude of mind that overtook 

g these the nation when it was agreed that armaments be scrapped after World 

ntained WarlI. Regardless of how successfully the present war is eventually brought 

-_ to a conclusion, others seem more than likely to follow because of the tre- 

curvit mendous upheaval in foreign countries and the trend toward changing 

a small Philosophies and forms of government. 

al Extensive military research and development, both now and after the 

to final war, would go far as on insurance against future conflict. All possible 

om the support should be given to efforts in that direction, whether sponsored or 
bee controlled by industry or government, or both. 
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Fatigue Testing Machine 





No gears, cranks or cams are employed in the mechanism of this fatigue testing machine 
developed by Sonntag Scientific Corporation. The fixed alternating force it develops 
is produced by a centrifugal-force type of mechanical oscillator which is direct driven from 
a synchronous motor through a flexible shaft. 

Magnitude of the alternating force is adjustable by screw-type oscillator setting and 
the machine operates below resonance with helical springs utilized for preload and inertia 
force compensation. Mechanism for setting the preload springs is of screw type, worm 
driven, and employs handwheel for locking. Guides for the oscillating head permit vibration 
along one axis only, all other components being eliminated. Number of oscillatory cycles is 
indicated by a counter which registers in units of 100. An automatic shutoff is incorporated 
to stop the machine whenever a specimen fails. To eliminate transmission of vibration to 
the floor and surrounding areas, the main unit of the machine is suspended on helical tension 
springs from the outer frame. 

Tapped holes and T-slots are 
provided in both the reciprocat- 
ing and fixed platens. 
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Legend 
Test specimen 
Mount for vibration isolation 
Frame 
Mechanical oscillator 
Springs for preload and inertia-force 
compensation 
Reciprocating platen 
Concrete stabilizing block 
Flexible drive shaft 
Synchronous electric motor 
Stationary platen 
Adjusting screw 
Holding fixture 
Microswitch cutoff 
Preload adjusting screw 
O-P-Q Worm drive for preload adjustment 
R_ Lockwheel for preload screw 
S-T Cycle counter 
U_Sheet-metal housing 
V_ Scale for indicating magnitude of 
oscillating force 
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Spot Welder 


Upper and lower arms of this recently developed spot-welding machine manu- 
factured by Sciaky Bros. are of hard-rolled solid copper, machined at one end only 
to accommodate water-cooled, ejector-type electrode holders in vertical position. 
A double-acting air cylinder, anchored to a bracket under the top cover of the 
machine, is connected to the rear end of the lever which holds the upper arm. This 
cylinder houses two pistons, one of which provides the operating stroke of 5/8-inch 
and the other a retraction stroke of 5 inches. Air to the cylinder is controlled by a 
solenoid-actuated valve. 

The fulcrum point about which the upper arm pivots is equipped with heavy- 
duty, tapered-roller thrust bearings and is provided with means of adjustment to 
compensate for wear. Secondary sections of the transformer employed are of rolled 
electrolytic copper, water-cooled by means of copper tubing brazed to the periphery 
of the section. Transformer primary is tapped to give eight steps of heat regulation 
controllable by a switch at the 
. side of the welder. 

Two water circuits are em- 
ployed for cooling, the trans- 
former and electrodes being 
cooled by one circuit and the 
ignitron tubes by the other. 
Cooling coils are of copper, 
copper-nickel or nickel-copper, 
with hose connections where 
required. Frame and base are 
of welded steel construction 
and access to the interior is 
provided to permit making ad- 
justments, servicing, etc. 












Hydraulic Press 


In this machine the hydraulic pump, its electric motor and the pressure-relief 


valve are mounted as a unit assembly on the top cover of the oil reservoir which is 
formed by the machine base. Power cylinder and ram assembly is a double-acting 
unit capable of exerting 8000 pounds pressure downward and 5000 pounds upward. 
Cylinder and its bolted head are of high-grade cast iron and the one-piece ram and 
piston are of casehardened, ground steel. Steel piston rings form the piston-to-cylinder 
seal and chevron-type leather packing seals the opening at the lower end of the cylinder. 

Located in the throat of the machine is the shipper rod. This, actuated by the 
two hand-control levers, operates the four-way valve which in turn controls movement 





























of the power piston. An ad- 
justable stop collar, mounted on 
the shipper rod, is contacted 
by the ram guide arm at the end 
of the upstroke to limit ram 
travel upward any distance be- 
tween 1/16-inch and 6 inches. 
The control levers are balanced 
to permit finger-tip control. 
Positioned at eye level on the 
press throat wall is a dial gage 
which indicates in- tons and 
pounds the ram pressure being 
exerted at any given moment. 
To prevent wear during con- 
tinuous operation, the gage is 
fitted with a shutoff valve. This 
modern, multipurpose press is 
manufactured by The Denison 
Engineering Co. 













































































Internal Gear Checker 


Principal elements of this: machine manufactured by National Broach and Machine 
Co., are a rigid base, the top of which is finished, a work spindle mounted on precision 
bearings, an adjustable counterweighted column, and a checking head carried on the end 
of an overarm. The checking head is adjustable axially to and from the work-spindle axis 
to accommodate gears of various diameters. 


The checking-head spindle, at 
right angles to the work spindle, is 
adjustably spring loaded to advance 
it toward the work-gear teeth and is 
retracted by means of a hand lever 
located at the front of the checking 
head. Carried at the forward end of 
this spindle is a rigid ball-pointed 


contact finger and a movable pivot finger’ 
The la'ter actuates he plunger of an 
indicator on which errors in tooth spacing 
can be read in .000l-inch increments. At 
the rear end of the checking-head spindle 
is an arm which contacts the plunger 
of an indicator (.0005-inch increments) 
which is located on top of the checking 
head. This registers the axial movement 
of the checking-head spindle for measur- 
ing eccentricity errors of pitch and root 
diameters. 

An adjustable gear-tooth locater 
mounted on the table positions the work 
gear. with reference to the ball-point con- 
tact finger and prevents skipping a tooth 
when indexing the work gear. 



















Represents Eight Million Hours 


INTERESTING LIGHT was shed on the B-29 Super- 
fortress recently in connection with a graphic dem- 
onstration of the plane’s fire control system which 
had been developed by the General Electric Co. 
The plane now represents some 8,U00,000 engineer- 
ing hours, with engineering which normally would 
have taken five years compressed into two. More 
than 1000 engineers are working on continual im- 
provement, incorporating the lessons of battle ex- 
perience. Efficiency in production at the three prime 
plants which produce the Superfortress is indicated 
by the fact that while it required 157,000 man-hours 
to complete the first plane, it now requires only 
about 57,000. Something over 30,000 man-hours is 
the goal now in sight. Apart from rivets and sim- 
ilar small parts, there are 55,000 numbered parts 
in a B-29. 


Gets Data Quicker 


ENDURANCE TEST methods which previously re- 
quired five or six years have been developed to 
obtain the necessary data within a month on 
high-temperature alloys used in steam turbines, jet 
propulsion units, etc. By ordinary means it takes 
years to stress an alloy sample held at 1500 de- 
grees Fahr. a quarter of a billion times 

In the special machine the test piece is clamped 
in a furnace that maintains the desired temperature. 
Stress is applied at the rate of 120 times a second 
by two stator coils connected to a 2-phase, 60-cycle 
supply line. The entire system is mechanically 
tuned to resonance at this frequency to minimize 
the driving force necessary. When the first crack 
occurs the iwachine automatically stops through a 
control activated by the reduced stiffness of the 
specimen. Tests of high-temperature alloys up to 
a billion applications of stress have been made in 
100 days. 

Although no comparative data are available be- 
tween five-year tests and accelerated tests, at ele- 
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vated temperatures, data for room-temperature tes 
indicate there are no wide variations between jh 
two types of endurance test at that temperature. | 
other words, the effect of recovery seems to be ney 
ligible. The accelerated tests, however, more neq} 
approach the frequency rates of the turbine blade 
and jet units mentioned and therefore more nea 
approach operating conditions. 


Enameling Becomes More Adaptable 


SUCCESSFUL APPLICATION of white cr pas 
cover-coat enamel without prior application of 
base or ground-coat enamel has long been soughi 
Solution now appears to have been found by Inlm 
Steel Co. in the development of a new vitreo 
enameling alloy steel which contains titanium in 
quantity decendent upon the amount of carbon i 
the base metal. The titanium eliminates pittin 
black specking and blistering that occur durin 
firing when enamels are applied to standard enam 
eling stocks without application of a ground 
Significant is the fact that a thinner covering 0 
enamel produces a superior surface and one ke 
liable to chip, as compared with the customary mo 
costly multicoat job. Expectation is that the ne 
alloy steel and process will expand use of vitreo 
enamel on many types of home equipment, su 
as refrigerators, washing machines, kitchen appl 
ances and the like. Indications are that drawin 
properties are fully equal to the best deep-drawin 
iron and steel sheets, including carbon steel shee 
furnished to the automotive industry. Also the ne 
alloy does not age strain. Thus, shallow panels 
large areas remain flat and true to shape alte 
drawing. 


















Jet Engines Simplify Design 


INHERENT SIMPLICITY of jet-propulsion engité 
grecttly facilitates their production and operatiog 
Inasmuch as they operate without apprecia’le ' 
bration they may be tied direct to the air-frame. Re 
atively few gages ond instruments face the pilot! 
the cockpit because there are no propoller or {us 
mixture controls. 
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Beam Vibration Problems 


By C. R. Freberg and E. N. Kemler 


School of Mechanical and Aeronautical Engineering 
Purdue University 


ENERAL solution of beam vibration problems 
is quite involved, but certain types of such 
problems that are frequently encountered can 

be solved simply and easily by using charts and tables. 
Perhaps the most common problem is that for beams 
such as used for general structural and mechanical 
purposes. The transverse vibration of long shafts, as 
well as many other machine elements, is in this classi- 
fication. Another class includes control tubes, rods, 
and other links such as exist in all types of moving 
machines and aircraft control systems. Many other 
members used in machines or structures such as ten- 
sion and compression or column members likewise 
often have io be checked for their vibration charac- 
teristics. 

This data sheet covers the application of charts and 
tabulated values to the determination of the natural 
frequency or critical speeds of such parts when acting 
as simple uniform beam members and when the only 
load which they carry is their own weight. The nat- 
ural frequency of beams fulfilling these requirements 
can be calculated from the equation 


where f, = Natural frequency in cycles per second 
E= Modulus of elasticity in pounds per square 
inch 

I = Moment of inertia of section in inches * 
g = 386 inches per second per second 
w= Distributed weight in pounds per inch 
L=Beam length in inches 

The value of C in Equation 1 will depend on the 


manner in which the beam is supported and the par- 
ticular mode or critical speed at which t’ 2 beam is 
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vibrating. The actual calculation of C for each case 
is quite involved. Fortunately most cases have been 
worked out and are available in the literature 
(see References 1 and 2). Fig. 1 lists in tabular 
form various types of beams commonly encountered 
and the various modes of vibration up to the fifth crit- 
ical. Each of these diagrams shows the mode of vi- 
bration and the value of C which applies. The posi- 
tion of each mode from the right-hand end, as a dec- 
imal fraction of the total beam length, also is shown. 
With this information it is possible to determine the 
various frequencies of the common type of beams. 


Determining Method of Support 


The data for simply supported beams also apply 
to the usual pin-ended beams or machine members. 
When the ends are welded or riveted, the ends may 
be assumed fixed. The fixed-hinged beam applies to 
elements where one end is fixed and the other is pin- 
connected. The free end beam would correspond to 
the vibration of a beam or rod lying on a floor or other 
support which did not transmit any moment or force 
to it in the plane of vibration. An airplane in the air 
or a ship in the water may be considered as repre- 
sentative of this type motion in a simplified analysis. 
The hinged-free beam would correspond to any mem- 
ber pinned at one end and free at the other. Rotating 
members of many types may fit this condition. Ro- 
tating wing aircraft with large horizontal rotor blades 
is one example of the hinged-free beam. 

For a steel beam carrying its own weight Equation 
1 reduces to 

f=1,190,00005— 
(Concluded on Fage 162) 
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Fig. 1—Below—Modes of vibration up to the fifth Fig. 2—Opposite Page—Chart enables rapid determi- 


critical and the corresponding values of constant ‘“‘C” nation of natural frequencies of beams when radius 
are given for beams with various forms of support of gyration, support, and length of beam are known 
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Fig. 1—Below—Modes of vibration up to the fifth Fig. 2—Opposite Page—Chart enables rapid determi- 





(Concluded from Page 159) 
where f = Natural frequency in cycles per minute 
p = Radius of gyration of section = \/I/A 
A = Cross-sectional area of section. 
For an aluminum beam Equation 1 reduces to 


p 
f= 1,210,000C—~ 


For normal calculations an average value 


p 
f= 1,200,0000—~ 


can be used for either steel or aluminum beams so that 
only one chari is needed. 

The radius of gyration can usually be obtained from 
handdooks or manufacturers’ catalogs. Tastes I and 
II list typical values of radius of gyration for tubular 
members and rods frequently used for controls. The 


TABLE | 
Radius of Gyration for Round Aircraft Tubes 
Diameter Wall Thickness p 
YEAR Se 035 121 
RR ae . 033 165 
Me elses ecs reve 035 .209 
Re ab Tea eee 035 258 
See Ot ens Al 035 297 
ET 035 841 
TERE Bay ap pn 035 885 
Pe aie ceca ees 035 “429 
Eee 248 
Rate Lomas coni ceta .049 887 
De ee ads 049 . 425 
| REAPER acre aes Me .049 5138 
eS EE eee 2. 049 602 
ree ae .049 .690 
AER es .049 .866 


values for structural members and other sections can 
be obtained from the manufacturers’ and handbook 
tables. For ell members the radius of gyration can be 
calculated from the relation 


“= 
eT 


To give a rapid method for calculating the natural 
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frequency of the various beams and modes for which 
the C values are given in Fig. 1, Fig. 2 has been 
constructed. The use of this chart can best be illus- 
trated by working a typical example. 

EXAMPLE: Determine the natural frequency of a 
%4-inch by .035-inch control tube 60 inches long and 
pin-connected at the ends. The value p is found from 
TaBLE I to be .253 and the C value is found from 
Fig. 1 to be 1.57. The value of the natural fre- 


TABLE II 
Radius of Gyration for Rods and Shafts 
Diameter p 
Barca Eger. ile tana .065.- 
oe Se ae pe oe 
Me Ss acer a ioiome Te aeeeeT ah 
¥s ee ee elves 
Be gee gaa: Petes 125 
SMR ee Cian od fs .156 
is Sips oles oh bWeaatas 1875 
We Ge okt sek ed’ oicld onde. diciem .219 
Re 5 oh eT Sa ee ee ENR aS .250 
er eer ee ee 3125 
IS Shs as Caine Bia pin iva ule wis eaters 875 
ae RTA ORANG ore 4375 
aie tls ots om oe mates oat .500 
WN oh aos tie vic dt anweeees 625 


quency is found from Fig. 2 by entering the chart at 
the top at the value , = .253, tracing down to value of 
C = 1.57, then across to a length of 60 inches and down, 
and reading the natural frequency as 1320 cycles per 
minute on the lower scale. This example is illustrated 
in heavy lines on the figure. Higher natural frequen- 
cies are 5280, 11,860 and other higher values, cor- 
responding to C=6.28, 14.1, etc. If there are shaking 
forces of these frequencies. serious vibration is likely 
to be encountered. This may in turn cause the member 
to fail by fatigue, particularly near the end fitting, or 
it may interfere with the accuracy of the adjustment 
if it is used in a contro) device. 


REFERENCES 


1. Lord Ravleish—“Theory of Sound’”—Macmillan and Co. Ltd. 
London, England. < 

. C _R. F-eherg ard E. N. Kemler—“Airc-aft Vibration and Flutter’, 
John Wiley & Sons Inc., New York, 1944, from, which Fig. 1 im 
this data sheet is reproduced by perr-ission of the publishers. 
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ASTM Nos. B96-42, B97-41, B98-42 and B99-42 
rom 
eal ig Types A and - sg eng sheet for pressure vessels 
| " -41, Types A, B and C): Sheet for general purposes 
fre- AVAILABLE IN: (B98-42, Types A. B, C and D): Rods, bars and shapes 
(B99-42, Types A, B, C and D): General purpose wire 
Manga- 
Copper Silicon Lead nese* Zinc* Iron® Tin* Lead* 
Type (min) (range) (range) (max) (max) (max) (max) (max) 
Me neeusces 94.8 2.75 to ae tanees 1.5 1.5 1.6 75 05 
7 eee 96.0 sewmSey | ...... 15 AS 8 1.6 05 
ANALYSES: Rie isis wo aie 91.0 2.00to38.0  ...... 125 4.5 8 ude 05 — 
Ds csccmaus 94.0 2.75 to 3.5 2 to 8 1.5 1.5 25 me —_ 
*One or more of these elements may be present within the limits specified. Sum of all elements 
listed shall not be less than 29.5 per cent. 
+Alloy having 2.6 per cent maximum of silicon is acceptable if sum of all elements other than 
copper and silicon and iron does not exceed .3 per cent. 
Plate and sheet, covered by ASTM No. B96-42 and available in Types A and C, may, in addition 
to above analyses, contain .6 per cent maximum of nickel. 
General purpose sheet, covered by ASIM No. B97-41, is available in Types A, B and C. 
Analyses are as above except that for Types A and C a maximum of .6 per cent nickel may be present. 
as PROPERTIES 
e of , TENSILE STRENGTH 
wn, (1000 psi—range and minimum values) 
per Types 
ated Temper Form A B C D 
il eS ig on oho eae Plate and sheet for pressure vessels ................ 55 Ss 55 
csi Hot Rolled, cold-rolled finish. Plate and sheet for pressure vessels ................ 58-72 ty 58-72 
? hi inn Stele wabbenes Plate and sheet for pressure vessels ................ 50-67 a 50-67 as 
king Wire, %-in. and under, diam ....................-. 55-70 43-55 55-70 55-70 
kely Wns eet SRNR. OIE cio so vnc es ensue vweces dune, 55-65 43-55 55-65 55-65 
iber IS ac wacnin we tenes All rods, bars and shapes .................00eeeeeee 52 40 52 52 
, OF A eee ener oc iicnce tone rwanda Oh cues ode 62-78 50-65 62-78 62-78 
rent 070-mm anneal ........... Sheet for general purposes ....................040.. 52-58 88-45 52-58 
040-mm anneal ........... Sheet for general purposes .....................00. 55-64 40-50 55-64 os 
bd call cede I onc Ses selec eee ap ean aoe 55 = 55 55 
I Ga 25h a's one wee eee emeh samen 72-85 60-75 72-85 72-85 
Sheet for general purposes ...............cceseeess 62-72 42-52 62-72 i 
Ltd., an ee oe Sheet for general purposes ....................005. 71-81 we 71-81 wd 
is Plate and sheet for pressure vessels ................. 115 90 115 115 
“ ‘a Rods up to 2-in. diam or across flats ................. 70 55 70 70 
DRED. GUS Gldicn + Fe4 0s ot 4 oe os enat ae pees . : 2 1 
I ails sas oe bar's ee eds 90 75 90 90 
NE Ait ii as a eae Shoot for qemerel MUPPOSES .. ... 2... 2.2 en ccwieceness 87-97 60-70 87-97 i 
Rods up to 1"4-in. diam or across flats ................ 85 65 85 85 
Rectangular bars up to l-in. wide .................. 65 4 65 65 
ite ae meee... os eee ck 60 . 60 60 
a eee eee tt ees ee 50 a 50 50 
Wise, wll Ginmoters «6... cece ec cenc ones 115 90 115 115 
eee ee Sheet for general purposes .............-.+-++--05- 99-108 67-76 99-108 eo 
cor ees Rods up to %-in. diam or across NG Aas Lee Co ok 100 85 100 100 
Rods % to 1%-in. diam or across flats ............... st 75 = 
ees Sheet for general purposes ............-....2ee seeds 105-113 71-79 105-113 a 
thas Wire, Min. and under, diam ........... 226-0020. 135 100 135 135 
Wire, over Ye-in. diam ...........-..-.--seeeeeeees 130 100 130 130 
tien i f th f greed woon by manufactuver and purchaser at time of order 
luirements of these forms are ag Le y me “ - ~sciye ‘ . ‘ 
NE . ; c ac er ab 7 f hi f Vewing ™m th tat : Th A B s © of B: 1 rt 
eg eee, etree bar Gocek Case tad Woot Wats, SONG. ee see ee ae one 
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oe 
YIELD STRENGTH 
(.5% strain, 1000 psi, min values) ) 
Types ————__| 
Temper Form A Bb ® ; 
Rete Day ee Plate and sheet for pressure vessels .................. 20 ee 20 I 
Hot rolled, E 
cold-rolled finish ........... Plate and sheet for pressure vessels ................ 29 — 29 - 
EL ie ch'ea @b aidaow hin ante Plate and sheet for pressure vessels ................ 18 " 18 A 
I er errr re EE RS gn kes oee nv eessbcnveweee 15 12 15 ( 
EE nee i ald os wing wine 3 Soe yh ier 24 oe 24 ( 
TA hie wsleir sae one can Plate and sheet for pressure vessels ................ 40 oe 40 fy 
Rods up to 2-in. diam or across flats ................ 38 20 38 
a ee ee din eulalgc es ak was ssa ew ewe , . . % 
SRSA gee eee Rods up to %-in. diam or across flats ...... ......... 50 35 50 
SI hh, SCL ONS SoG CLG fates ORE: SR ee . . s H 
NE edie s Saxeseuces Rods up to %-in. diam or across flats Te bettie ASME 2 fe 55 55 55 E 
Rods % to l-in. diam or across flats ................. ; 45 Me S} 
Rods 1 to 1% in. diam or across flats ............... nt 40 i 
1Requirements of these forms are agreed upon by manufacturer and purchaser at time of purchase. 
BENDING PROPERTIES 
(angle of bend, degrees)’ M 
Types ———— 5 
Temper Form A B C ) a 
aR ie ese I 56 oh oc hineoneda secede Sines 4 tat 180 180 180 l@ El 
EE nS sauces eth cakwnn BO EE CET EELS ERE 120 ie 4 120 
ET a 049 arcs aha cna EE... UG wots dy shyctahe bale aah we duce Mpa clitm 120 180 120 AY 
ee 253 Sey er An ee eee eS , : . 
I i a i nan SS le CR SOU ed IC LAE ak chistes Seed dokee smteien 90 120 90 TI 
PUN AUS Byof POR 1 MCC SER Sots Sr ae to , . ° 
Geter Reed 2... er. EEE Ue ee eae ares 60 90 60 i 
*Requirements of these forms are agreed upon by manufacturer and purchaser at time of purchase. = 
Angle through which a bend-test specimen can be bent cold to a radius equal to its diameter or thickness without fracturing. 
ELONGATION IN 2 INCHES 
(min, per cent) 
Types 
Temper Form A B Cc 
Gh a eee Plate and sheet for pressure vessels ................ 50 an 50 a 
Hot rolled, of 
cold-rolled finish .......... Plate and sheet for pressure vessels ................ 20 3 20 no 
| Sy a ed ee Plate and sheet for pressure vessels ................ 40 a 40 ses 
Wire, %4-in. and under, diam ................:.....- 40 33 40 -* 
HI noo 5 oo co ee cuca weed Jig oes 47 40 47 fo 
_. , SS er renes Cpe eae SII II so. 5 5 o.s'ein ceases os Qannuads 45 35 45 ill 
EON 51h Aish ve sdb Biinies Wine; Se-ts, ond wader, diam ....... 266 ciedeceess. 20 12 20 
A SRS yr reeerer rs: were 28 20 28 loy 
ae nea at Seng Somme as 04 Sian do 0:0's «0 wolepenoles Bes 30 ie 80 fa 
Wire, %4-in. and under, diam ....................-. 15 8 15 se 
SE rr re ear 18 15 18 TA 
fe hg OO ERIE. Plate and sheet for pressure vessels ...............--- 10 10 
Rods up to %-in. diam or across flats ........ Solid ate dats 20 11 20 
Rods % to 1-in. diam or across flats .................. 25 14 25 10Si 
Rods 1 to 2-in. diam or across flats ................. 30 17 30 ter 
EE ee eld eed 9 Cand in gegen an tile . , 
Wire, %4-in. and under in diam .................... 4 4 4 
nS I I Se i coe wcc aoc sche tnnmes 10 10 10 Wo 
ARERR ES se terpeees Rods up to %-in. diam or across flats ................ 14 8 14 bra 
Rods, % to l-in. diam or across flats ................ 18 10 18 ing 
Rods, 1 to 144-in. diam or across flats ................ 22 iz 22 ; 
le 0k wes, 5,4 brn 0 dteashet ic edie 25 3 25 Ing 
EGE ROYER S CERES : “s pre 
Wite, %-in: and under, diam ....................... 2 3 2 
ID oe osc cu co cers cuvreesercepee 6 8 6 ) 
DIE nso Spun ans Rods up to %-in. diam or across flats ................ 7 6 7 
Rods, ¥% to 1-in. diam or across flats ................. 8 
Rods, 1 to 1% in. diam or across flats ............... 10 7 
TE ot eee ht oe Wire, %-in. and under, diam ...................... 1.5 2 1.5 bli 
eee, ee Sn IN Fc Boeck, eR ee ae vows eee ees 4 6 4 cel 
1Requirements of these forms are agreed upon by manufacturer and purchaser at time of order. 
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ROCKWELL HARDNESS 








Types 











) A B C 
—Scales— —Scales— —Scales— 
Temper Form F B F F B 
itu ie. whem oo Plate and sheet for pressure vessels ................ Wittens: « ibwiis dscns 
Hot rolled, 
cold-rolled finish ......... Plate and sheet for pressure vessels ...............- SS ee 
ed ici a? cnn a dea Plate and sheet for pressure vessels ...............- . | Tee 
070-mm anneal .......... Sheet for general purposes ...............-+0000: 70-82 .... 45-55 .... 70-82 
040-mm anneal ......... Sheet for general purposes ................+++05: Te ons) SE oss ED Se 
EE Gd bsce 5-4 dveenee Sheet for general purposes ..................005: > oy ee 6+ +5 oa me 
Ee es Ue bake heet for pressure vessels ...............- Se ah EE Coe tae Cea: eas ~! 
“a rae Ge ee Lo Feet 0 eka 1) Teen 
sn ckwe tats cuewen ae Sheet for general purposes ...................-5- .... 88-06 .... 7482 .... 88-06 
ee eee oe Sheet for general purposes ...................45: .... 98-08 ..... 78-85 .... 98-68 
ls vedi binanbiss Sheet. for general purposes .................0005- wt ~ ea. BE 4. BE 
PHYSICAL CONSTANTS 
- Types 
A B C D 
NE IE OG i vnc ccewselawessveenasnuccans eves 993-1027 1021-1060 993-1030 1019-1027 
i ls io ddd ves bees six bes ivwoededeandeeste 8.54-8.58 8.72-8.79 8.54-8.63 8.53-8.66 
D§ «Weight (Ib per cu in.) ...................... NID ee ae ad .808-.310 .813-.817 .308-.310 .308-.313 
I Electrical Conductivity 
ee ok ened arnt yncev eb leewhideaes 6 to 86 8.5 to 15 6 to 8.6 6.2 to 8.6 
Ave. Coef. of Linear Expansion 
68 to 572 F (per deg F) ...... 1... ccc eee .00001 .0000099 .00001 .00001 
Thermal Conductivity 
(cal/cm?2/cm/sec/deg C) at 20 C .....................2.. .075-.095 10-.215 .075-.115 .075-.095 
(Btu/ft2/ft/hr/deg F) at 68 F ......................005. 18-23 24-52 18-28 18-23 
i rr Mb, ang Mab D Pad cmbewawn ees 15,000,000 17,000,000 15,000,000 15,000,000 





Note: Constants are given in ranges to cover all commercial alloys produced within the analysis ranges of the four standard types. 


hard-rolled strip, it has good spring qualities. Rod and 
CHARACTERISTICS wire of this alloy find widespread use in bolts, nuts, 
Silicon bronzes (copper-silicon alloys) usually contain washers, etc. Hot-rolled and annealed plates are par- 
one or more other elements as indicated on the first page ticularly suitable for unfired pressure vessels. 
of this work sheet under “Analyses.” These alloys are Type B: Excellent material for machine screws, bolts, 
nonmagnetic and highly resistant to fatigue. They pos- nuts, washers, gears and shafts for such items as wash- 
sess the strength of mild steel and, in addition, offer ex- ing machines, home garbage disposal equipment, laun- 
cellent corrosion resistance. They can be stamped, spun, dry machines, water meters and water-pressure regula- 
forged, pressed either hot or cold, and welded by almost tors. It is used also for needle valves and butterfly shafts for 
§ all of the usual methods. They are work-hardening al- automobile carburetors. 
loys. Thus, by cold working, their tensile strength and Type C: Vessels for storage or processing of water, oil 
hardness can be brought to a maximum. and various other liquids; for fans, blowers, smoke wash- 
Of the four types, A and B see most general usage. Type ers, ducts, humidifiers and agitators; also for baskets, 
A is used in those applications which require the best screens, filters, pipe, springs, electrical tubing, etc. 
tensile properties in combination with resistance to cor- Type D: Similar to Type A, primary difference being 
4 sion equal to or better than copper. Welding charac- that it contains a small amount of lead which is added 
teristics of Type A are similar to those of mild steel. Type to improve machining characteristics. Rods and wire of 
B alloys are characterized by exceptionally good cold- this alloy are used extensively in the manufacture of 
working properties, tensile properties comparable to 85-15 screw-machine products requiring good strength and cor- 
Tass, corrosion resistance on a par with copper, and weld- rosion resistance. 
ing properties slightly inferior to Type A. Work-harden- 
ing Occurs much more rapidly and results in better tensile FABRICATION. 
roperti ‘ 
| properties for Type A than for Type B sanriemanan, 
Types A, B and C, being strong and tough, have about 
APPLICATIONS 30 per cent of the machinability of free-cutting yellow 
Type A: Sheet and plate are used for fuel tanks, tum- brass. Chips break up with. difficulty and form long 
i bling barrels, ducts, etc., where good strength plus ex- spirals. Considerable tool pressure is required to sepa- 
cellent corrosion resistance is required. In the form of rate the chip from the original stock and this generates 
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heat which is detrimental to tool life. 

A tool suitable for machining mild steel generally is 
satisfactory if provided with liberal rake, clearance and 
. lip angles. Best results are obtained when proper cut- 
ting compounds are used. For roughing operations a 
good grade of water soluble oil generally is used, while 
for finishing operations and drilling, tapping and milling, 
a sulphurized oil seems best. In any case the cutting 
compound is generously applied during machining, then 
thoroughly removed from the finished pieces. Lathe 
and boring practice, generally speaking, is about the 
same as for steel. Tools are rigidly supported and set 
not too much above center. 

Type D silicon bronze, because it contains a small 
amount of lead, is more easily machined than Types A, 
B and C. It has a machinability rating of about 60 com- 
pared to 100 for free-cutting yellow brass. 


DRILLING: 

While short-spiral (about 40-degree helix angle) drills 
are recommended, standard drills often are used with un- 
dercut cutting edges. “Lands” of the drills should be 
narrow and polished. Continuous cutting is essential be- 
cause if the drill is permitted to “dwell,” the material at 
the bottom of the hole will glaze and work-harden, not 
only making it difficult to resume cutting but dulling the 
drill as well. Ample cutting oil should be applied. Where 
large, deep holes are to be drilled, the use of drills hav- 
ing integral oil holes is recommended. 


TAPPING: 

For general work, a tap-drill size which will result in 
about a 75 per cent depth of thread should be specified. 
Attempts to tap full-depth threads in Types A, B and 
C silicon bronze often result in torn threads, unneces- 
sarily high tap breakage and the use of excessive power. 
In addition, there is but slight difference between the 
strength of a 75 per cent thread and a full-depth thread. 
Taps should have narrow lands and deep, polished flutes 
with rake angles of from 5 to 8 degrees. End chamfer is 
best made relatively short (about two threads) to obviate 
work-hardening of the material. Tapping speeds—using 
high-speed steel taps—range from 20 feet per minute for 
coarse threads to 60 feet per minute for fine threads. 
Copious supply of sulphurized oil is recommended for 
all tapping operations. 


REAMING: 

In all cases and particularly where wall thickness is 
small in relation to hole diameter, size of the drilled hole 
preceding reaming should leave sufficient stock to permit 
the reamer a good “bite.” Where insufficient stock is 
allowed, the reamer burnishes the material, resulting in 
an undersized hole and excessively rapid wear of the 
reamer. Lands should be narrow and flutes well pol- 
ished to assure smooth finishing. Standard spiral-fluted 
reamers with a helix angle of 7 to 12 degrees work well, 
and ‘left-hand spiral, right-hand cutting reamers give ex- 
cellent results. Where high-speed steel reamers are em- 
ployed, the cutting speed ranges from 75 to 150 feet per 
minute. As with drilling and tapping, ample cutting 
lubricant is used. 
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STAMPING AND PERFORATING: 

With the exception of Type D, these alloys are usej 
for a wide variety of stamping and perforating operations 
In general they work much like various brass alloys fg 
such operations. Because of the wide variation in design 
of parts, users should furnish the metal manufacture 
details of the size and shape of the part to be fabricated, 
so that material of the correct temper can be supplied. 


DEEP DRAWING: 

Copper-silicon alloys in types A, B and C are rated x 
having excellent cold-working properties. In such 4 
specialized operation as deep drawing, however, the ut- 
most in working qualities usually is required. Although 
these alloys are satisfactory for deep-drawing operations, 
they are not considered quite as satisfactory for the 
severest operations as the usual grades of yellow bras, 
Type B alloys can be drawn with fewer anneals during: 
sequence of operations, but their strength is not as high 
as the other types. Metal required for deep drawing 
should be specified as such in order that material of a 
correct degree of temper can be supplied. 


SPINNING: 

Copper-silicon alloys in types A, B and C are used for 
spinning operations, but here again it is essential that 
metal for such purposes be specified as such, in order 
that the material can be furnished in the proper annealed 
temper. In general, these alloys are rated as having gool 
spinning qualities but cannot be spun with quite the fi- 
cility of the usual brasses employed for. such work. I 
this type of cold-working operation, the amount of te 
duction possible without annealing will vary considerably 
with the alloy, the shape of the part, and the size ani 
thickness of the blank. 


FORGING: 

With the exception of type D, these alloys are suit 
able for hot working and are rated excellent in this 1 
spect. The preferred temperature range for hot forging 
is 1200 to 1500 degrees Fahr. Types A and C usually 
are used, since type B has lower strength in the hot-forgel 
condition and is furnished as being especially suited 
cold-forging operations such as cold-heading. These al 
loys can be furnished also in the form of hot-pressed 
forgings made in closed dies, providing they are of rathe 
simple design; the alloys do not flow into intricate dies 
readily as other types of copper alloys used for hit 
pressed forgings of complicated design. 


WELDING: 

Silicon bronzes, except Type D, can be welded by a 
most all standard methods and can be brazed also. Sate 
material as the base metal is used for both filler rod ant 
electrodes. Preparatory to welding, all scale, dirt, ol 
grease, tarnish and oxide is removed by filing, scraping 
or grinding. A good flux is 90 per cent fused borax 
10 per cent sodium fluoride finely ground, either in pow 
der form or a paste made by mixing the powder with 
alcohol. For butt welding sheets 3/16-inch and thinne: 


no beveling is necessary. Beveling is necessary, howd ¢ 
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es —_ 
ever, for thicker sheets. GALVANIC CORROSION 
re used Carbon-are welding is most widely used because it is 
rations, }) rapid, inexpensive and highly satisfactory. Further, it is These alloys will exhibit galvanic corrosion effects sim- 
loys for | silent, does not spatter, and in general is more satisfac- ilar to pure copper. In general, they may be safely 
. desig | tory than the metallic arc. For flanged edges of thin coupled with other copper alloys. Where large areas are 
facture: | metal the edges can be fluxed and melted down without connected galvanically to iron, zinc, aluminum, or high- 
ricated, | using filler rod. Are length is held to about 44-inch and brass in a corrosive environment, the whole assembly 
lied. care is exercised not to overheat. should be protected with paint or other insulation. 
When oxyacetylene welding is employed, a slightly ox- 
idizing soft flame is prescribed and both joint and filler ANNEALING 
rated a § rod are saga Seam and spot welding are highly satis- Types A, B and D alloys. will recrystallize after severe 
such af} factory for making structural shapes such as angles, chan- cold reduction at approximately 750 degrees Fahr. and at 
the ut J nels, arene, tanks, ete. Lighter Se shorter time somewhat higher temperatures following more moderate 
\Ithough § and slightly greater current are required than for welding reductions. The annealing range suggested is from 900 
erations, | steel. apie ant is satisfactory for thin gages. degrees Fahr. for light anneals to 1300 degrees Fahr. for 
for the Coated filler rod with reverse polarity (metallic electrode full anneals, depending somewhat on the size or thick- 
w brass positive) is used. Weld is fluxed lightly. ness and the degree of softness desired. The oxide formed 
during « during annealing is particularly tenacious and the usual 
as high RESISTANCE TO CORROSION brass mill pickle solution containing 10 to 20 per cent 
drawing sulphuric acid leaves these alloys with a thin oxide coat- 
rial off Like copper, these alloys can be used satisfactorily in ing of dark red color. 
contact with a number of corrosive solutions and com- 
pounds. It is well to bear in mind, however, that this MATERIAL DESIGNATIONS 
corrosion resistance may be adversely affected by oxidiz- oie 
used for ing agents. Generally speaking, these alloys may be used ASTM No. Boiler Code Federal U. S. Navy 
tial that | in practically all locations where copper is suitable but teed $e? god, ee ae 
in orde {| where greater strength than copper is required. They of- B97-41, Type A ENS QQ-C-591a, 46B27 (INT) 
annealed § fer good resistance to atmospheric corrosion in both in- Type B scien pen mare 
ing good . . * . Type C Ses Pie eee 
7 dustrial and marine locations, to corrosion by sea water B98-42, Type A SB-98, Type A QQ-C-591a, 46897 (INT) 
e the 1 as well as corrosive industrial and natural waters, to sul- hicanks: + Sielin ieee o less A Oct. 15, 1948 
york. In} phuric and hydrochloric acid and many of their salts, to a eee lass BS aioe 
nt of tf alkalis and many of the alkali salts. They show good Toe ¥ Spee’ ne g 00-C-591a, 46B27 (INT) 
siderably f resistance also to certain organic compounds including eaniiek edi an © Oct. 15, 1068 
size atl aleohol, phenol, cresol, sugar solutions, fatty acids, and "Type B bane ae 
organic salts. Type D 
are sult MATERIAL TRADENAMES 
n this re 
yt forging ASTM No. B96-42 
C usually Types 
f ed A B Cc D Producers 
10t- eo Everdur 1010 A reg Bae Co. 
‘ ‘it rt . 
suited Olympic Bronze Typo A Ree Chase ents ‘and Copper Co. 
These al- Gl PMG10, 94, 96 Phelps Dodge Copper Prod. Corp. 
Herculoy 418 divs Revere Copper and Brass Inc. 
ot-pressed Cusiloy Cusiloy Scovill Manufacturing Co. 
‘> ASTM No. B97-41 
te ales Everdur 1010 Everdur 1015 The American Brass Co. 
for hot- mze II Duronze I and Bridgeport Brass Co. 
lympic Bronze cette 
a A ves er Chase Brass and Cupper Co. 
PMG10 PMG3 _  PMG10, 94, 96 Phelps Dodge Copper Prod. Corp. 
Herculoy 418 Herculoy 421 cece Revere Copper and Brass Inc. 
Cusiloy Fr Cusilov Scovili Manufacturing Co. 
led by # ASTM No. B98-42 
so. Same Everdur 1010 Everdur 1015 Everdur 1012 The American Brass Co. 
wee Duronze II Duronze I and V ae Bridgeport Brass Co. 
r rod and Obympic Bronze Olympic ——., cee. Ch B ac Cc 
, ¥ ' 
dirt, ohf pcig “ *74 W PMGS PMG10, 94, 96 PMG95 Phelps Dodge Copper Prod, Corp. 
| i ping Herculoy 418 Herculoy 421 Bee aula Revere Copper and Brass Inc 
, SC Casiloy fe Cusiloy Scovill Manufacturing Co. 
‘ax 
a oe ASTM No. B99-42 
* ith Everdur 1010 Everdur 1015 oats Everdur 1012 The American Brass Co. 
wder WHE Duronze II Duronze I and V cove Foten Bridgeport Brass Co. 
‘onet.f Olympic Bronze Olympic Bronze ade a-tag Chase Brass and Copper Co. 
de a 4 and Ww Type B pcs PMG10, 94, 96 PMG95 Phelps Dodge C Prod. C 
, , 94, 3 e Co 4 7 
ary, how Cusiloy egy: Cusiloy hie Scovill Manufacturing Co. 
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PROFESSIONAL 
VIEWPOINTS 


‘©. . . key to bearing life’’ 


To the Editor: 

In his article “Surface Finish—Key to Bearing Life”, 
published in the November issue of MAcHINE Desicn, 
Mr. Hemingway made a valuable contribution to bearing 
design. Accurate test data on bearing performance are 
needed and those which eliminate all variables except sur- 
face condition of the shaft are particularly valuable be- 
cause they fill a gap in our knowledge of bearing per- 
formance. 

The author’s illustrations indicate that the bearing op- 
erated under fluid friction condition up to a certain load 
because the bearing temperature remained constant. At 
this certain load point, which differed for different sur- 
face conditions of the shaft; fluid friction ceased and 
metal-to-metal contact took place. On account of the 
sudden temperature rise at this point, further operation 
of the bearing was impossible. These tests are therefore 
another proof of the approximate validity of the Petroff 
equation for bearing operation, as expressed by the 
formulas 


H= D3 Ln’2Z 
ws 1.04(10)3C 
f= DZn 
~ 2(10)'Cp 


where H = heat developed in bearing, Btu/hr, f = coef- 
ficient of friction, D = bearing diameter in inches, L = 
bearing length in inches, Z = oil viscosity in centipoises, 
n = rotational speed, revolutions per minute, C = diam- 
etral clearance in inches, P = projected bearing pressure, 
* pounds per square inch, and Zn/p = S, = a constant that 
is dimensionless. 


Fluid Friction Operation 


The tests prove that the friction H produced by the 
bearing is virtually independent of the load under fluid- 
friction condition. They also prove that the surface rough- 
ness of the shaft affects the range of fluid-friction opera- 
tion considerably. For shafts with surface roughness of 
35 microinches the minimum figure for the bearing con- 
‘stant seems to be S$, = 100. For shafts ground to from 
‘2 to 12 microinches the minimum figure is apparently S, 
= 15 to 30. 

From the graphical illustration of the Petroff equation 
‘it may be deduced that smooth shafts allow higher unit 
‘loadings and smaller bearing constants and, provided the 
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proper constant S, is selected, also give lower friction fig 
ures. In view of the fact that heat dissipation is the mag 
critical item in many bearing problems, this knowledgejs 
extremely important. : 

The tests also indicate that it may be unnecessary tog 
to too much refinement in finishing the shaft and sleeve 
surface of bearings operating under fluid-friction conde 
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. 









































0125 . 
\ _O. A 
2: 1000 ; 
\ 
0100 \ 
‘a \ 
= \ Mc Kee Tests (f) 
s \ 
a \ 
3 .0075 \ 
c \ be 
<.. \ Petroff Equation (f) 
Ss 
~ .0050 A 
s bi 2 
$ For Rough Shafts } Miniraum 
3 |_—_—For Smooth Shafts )Hemingwoy 
9S 
0025 
4] 100 200 
Beoring , Constont (s, s 2) 


From “Lubrication”, by A. E. Nort 


Graphical illustration of the apparent proximity of th 
theoretical Petroff equation and test results obtained y 
McKee and Hemingway 


tion. The shaft floats on an oil film and does not, excep! 
at starting, have metal-to-metal contact. The operatiil 
follows Newton’s law of viscous flow in which surlae 
roughness is of no importance. Above the minim 
figure for the bearing*constant S,, the surface condition ¢ 
the shaft or sleeve is therefore without influence. 
should be reasonably smooth, however, to give low fric 
tion figures for starting. 

—H. W. Hams, 


York, Pe 


To the Editor: 

I have read Mr. Hamm’s comments on my article, S# 
face Finish—Key to Bearing Life”, with more than us 
interest. They show that he has made a thorough analy 
of the graphs contained therein and I believe that his 
clusions are essentially correct. I would like to quali 
somewhat, the comments he has made. 

With reference to use of Petroff's formulas, I note ™ 
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E. Norim of fe 
y of the C= operation is a strong nage | point for all 
zined by types of household appliances. One easy way 
to eliminate noise is to install Johnson Bronze Sleeve 
Bearings in the motive unit. They are precision made 
products, guaranteed to deliver the utmost in per- 
formance for the longest period of time. 
rt, except Manufacturers giving thought to their postwar 
operatiol product will do well to consult with Johnson Bronze 
ym ‘now. Simply call in a Johnson Engineer. Permit him 
1s to review your applications. All of his recommenda- 
minimum tions will be based on facts, supported by more than 
satan of thirty-five years exclusive bearing experience. There 
adition is a Johnson Engineer—as near as your phone. 
e. 
low fie JOHNSON BRONZE COMPANY 
525 S. MILL ST. NEW CASTLE, PA. 
HAMM, 
York, Pe 
lict ory 
cle, “St OMES FIRSI 
icie, 
han ust | All our present 
h analys production is 
it his cot for Armament 
ali BRANCHES IN 
om 18 INDUSTRIAL 
CENTERS 
note 04 
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point wherein I believe they are probably in error. In 
the first it is stated that the heat developed is less as the 
diametral clearance is increased, and in the second that 
friction is decreased as that clearance is increased. Neither 
of these conditions is strictly in accordance with our ex- 
perimental results. We found that our l-inch diameter 
shaft operated with the minimum of heat and friction at 
approximately .0007-inch clearance. Either more or less 
resulted in loss of efficiency. 


Shaft Flutters in Bearing 


In the writer’s article it was mentioned that intermittent 
metallic contact was found in every test, even under the 
lightest loads. Evidently the shaft seldom rotated about 
its true axis but fluttered around within the bushing. Nat- 
urally this action is reduced by lowered clearance but be- 
comes severe enough to be of practical consequence when 
the test clearance is increased to .002-inch. At that point 
we found heating and friction to be quite noticeably in- 
creased. Observation of machine bearings over many 
years has caused the writer to believe the same condi- 
tions of flutter exist in all bearings, at least those of 
small to medium size. 

Since this flutter exists, it seems reasonable to believe 
that there seldom occurs a continuous condition of 100 
per cent fluid-film lubrication. There is, therefore, a con- 
tinual mild wearing of the shaft by tiny welds resulting 
from this minute pounding of the bushing. The fre- 
quency and severity of welding contact increases as the 
load is increased for, as shown by the tests, there was a 
rise in temperature of fifty degrees as the load was in- 
creased to 1500 pounds after the one hour of run-in. Thus, 
while Mr. Hamm is not entirely correct, for all practical 
purposes he is right in stating that heating is independent 
of load under “fluid-friction” conditions. This mild weld- 
ing action actually increases shaft smoothness by slowly 
wearing away ridges and high spots. 


Finish Affects Heating 


The tests warrant the conclusion that excessive refine- 
ment of surface is unnecessary under fluid-film lubrica- 
tion. However, it must be noted that both clearance di- 
mension and seizure load capacity are limited by surface 
finish conditions. Furthermore, low starting friction and 
surface damage during starting and stopping require 
smooth surfaces. Heating increases rapidly as roughness 
becomes greater than about ten microinches. Mr. Hamm 
comments on the necessity for reduction of heat, and not 
the least damaging of the effects of heat is the distortion of 
the bearing surface shape. 

Since the publication of the subject article in MACHINE 
Desicn, the writer has done further work on the load- 
carrying capacity of soft shafts. While it is still believed 
that some depth of scratches is desirable for rendering a 
soft shaft more safely broken-in with the bushing, it has 
been found that even a soft shaft is not likely to be too 
smooth when alignment and conformity are exceptionally 
good. Indeed, a soft shaft Superfinisned to two to three 
microinches shows about the same 60 per cent improve- 
ment in ultimate load-carrying capacity as a hardened 
shaft ground to ten microinches. 

—E. L. Hemincway, Chief Metallurgist 
International Detrola Corp. 


) 
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To the Editor: 

A group of engineers was inspecting a heavy forging 
machine of special design in which the main force of th 
machine is carried from an overhanging crankpin throug) i 
a tension link to a sliding crosshead. The design of thy 
tension link was the subject of some discussion. 4 
shown in the accompanying sketch, the center of ty 
radius of the end of the link was offset from the center ¢ [ | 
the pin, resulting in a larger area of metal through s 
tion A-A than through section B-B. 

It was explained that the end of the link should} 
figured as a beam supported at each end with most of ty h 
load concentrated at the center. The resultant bendig 
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Tension link detail showing alternate methods of desigt 
ing stressed sections 








Dow 










stresses would justify the heavy section at A-A. A tet 
book formula supported this view by giving proportia 
for offset end radius as shown. 


that such bending stresses as do occur would be felt! 
section A-A and combine with the tensile stress. The lit 


similar link and pin applications. Even when the } 
radius is concentric with the pin center as shown by dt 
dash lines on the sketch, breakage usually occurs close! 
section B-B. 

Authoritative suggestions from your readers on how 
figure the proportions of this type of link end would 


appreciated. 
—E. S. Hh 


Readers of MACHINE DESIGN are invited to contribute 
solutions to this problem. It may be pointed out that 
the stress distribution is affected by deformation of the 
part, hence solutions should take this fact into &® Jyag 
count.—Eb. New York 
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Dowmetal Magnesium brings you its incomparable light- 
hess—without equal among structural metals—in the full 
range of common fabrication methods. 









The fruits of more than a quarter-century of Dow engi- 
leering and fabrication experience are ready at hand to 


Dowmetal—the metal of motion. For in Dow’s own shops— 
“ind in numerous other plants as well—Dowmetal Mag- 
The bitfnesium Alloys, with their high strength-weight ratio, show 


ut that 
of the 
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shape extrusion; press and hammer forging—and bending, 
drawing, pressing, spinning, blanking, punching and 
shearing. 

Likewise Dowmetal is readily joined by all usual proce- 
dures—riveting and arc, spot, gas and flash welding. 
There is no mystery to magnesium processing techniques: 
These lightweight alloys call for procedures very similar to 
those employed with other metals. 

Skilled technical advisers await your call at the nearest 
Dow office, to help work out the best way to use Dow- 
metal in your own product. 


THE META OF MOTION 








Noteworthy Patents 


Decelerometer Controls Skidding Wheels 


T IS WELL known that the brakes of any vehicle will 
decelerate the wheel speed at an abnormally rapid 
rate to a locked condition when applied with sufficient 
force to overcome the adhesion or rolling friction between 
the tires and the road surface. This is undesirable since 
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Filled Supply 
Bellows 








Centrifugal force and reaction units in this mechanism 
are balanced against a specific orifice flow rate to detect 
excessive deceleration in vehicle wheels 


less braking effort is obtained with sliding than with roll- 
ing friction conditions. Wheel maintenance under such 
conditions is high, especially in the case of railway wheels. 
The hydraulic decelerometer shown in the accompanying 
illustration was designed to overcome this braking prob- 
lem and is covered by patent 2,347,962 recently assigned 
to the Westinghouse Air Brake Co. Mercury is utilized 
to provide a high density hydraulic medium for efficient 
operation. Materials employed in the system are neces- 
sarily those resistant to deterioration by the mercury. 

The decelerometer unit as shown in the accompanying 
illustration is coupled to and driven by the wheel to be 
controlled during the braking cycle. Centrifugal force at 
normal operating speed draws the mercury out through 
the passages in the arms, compressing the reaction bellows 
units accordingly. Partial vacuum thus created at the 
orifice is overcome by the atmospheric pressure acting on 
the’ supply bellows. Mercury then passes through the 
orifice into the arms until the pressures are equalized. 
Collapse of the diaphragm under vacuum is prevented 
by the stop plate. 

Braking of the driving wheels results in deceleration of 
the unit, reducing the centrifugal force in proportion to 
the square of the angular velocity of the driven shaft of 
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the decelerometer. This creates a pressure differenti) 
between the mercury and the reaction bellows. 
pansion of the spring in the reaction bellows forces ap 
turn of mercury to the supply unit. If the rate of ret 
does not exceed the selected orifice flow rate the spring 
loaded diaphragm remains unmoved. However, shot} 
the return rate of the mercury be substantially great 
than the orifice flow rate the spring-retained diaphrag 
flexes to close the switch to an indicating lamp. Conta 
is maintained as long as the deceleration rate produces tk 
predetermined pressure differential across the orifice, 
Any relay controlled by the unit may be adapted §j 
operate brake control equipment designed to maintay 
maximum deceleration without sliding. Control equp 
ment on such vehicles as railway cars can thus retain, 
intermittent braking, sufficient rolling speed to aygil 
flattened wheels produced by sliding stops. Althoug 
the unit is not sensitive to uniform deceleration, it dete 
different rates of deceleration at varying speeds to om 
trol slipping or sliding conditions common to many * 
hicles. 


Gears Engage Without Clash 


N CERTAIN mechanisms it is highly desirable to wt 
‘ize geared power transmission which can readily’ 
shifted into and out of mesh without shock or clash. # 
design which provides resilient engagement of the 
teeth and also positive locking in the meshed positioni 
covered by patent 2,339,154 assigned recently to tk 
Monroe Calculating Machine Co. 

Normally the planet gear of this arrangement is helif 4 T 
disengaged from the driver by a shifting arm which ridé 
upon a circular cam as shown in the accompanying il 


tration. Counterclockwise movement of the cam arrange i 
speci 
in th 

Planet Gear wed 


rh ABE ~\ =p 








Cam-operated mechanism utilizes a tension spring 
produce resilient nonclashing engagement of geas 
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ment loads the tension spring by depressing the attached 
lever. Depression of this lever by the cam segment is 
completed as the shifting notch assumes the position 
shown in the detail at the right of the illustration. This 
frees the shifting arm from the cam and the planet gear 
is moved into meshing position by the reaction of the 
spring-loaded lever against the cam segment. Until com- 
plete engagement is established between the planet and 
driver gears, the spring yields in its action on the lever 
to allow meshing without clash. As the gears fully mesh, 
the lever pivots against the stop pin which aligns the flat 
end surfaces of both the lever and cam segment to re- 
tain the engagement during the power cycle. Further 
movement of the cam displaces the locking lever and re- 
turns the mechanism to the normal disengaged position. 


Differential Is Self-Aligning 


SELF-ALIGNING pinion or planet gear assembly 

\ that will adapt itself for adjustment and the elim- 
ination of backlash or end play in differential gear as- 
semblies is covered by patent 2,355,144 recently assigned 
to Jack & Heintz Inc. 

With the construction shown in the accompanying il- 
lustration the pinions are self-centering and self-aligning 
with respect to the ring gears. Undue end play is re- 
moved by properly engaging the gear teeth by means 
of the adjustment nut provided. The floating strut act- 
ing as a shaft for the pinion gears provides vertical and 
pivotal adjustment in a single vertical plane that coin- 
cides with the axis of rotation of the axle. Thus, while 
the pinion gears are self-aligning and self-centering with 
respect to the ring gears, the tooth engagement is at all 
times tangential so that as end play is eliminated so also 
is the accompanying backlash. 

Importance of the accurate adjustment provided to 
eliminate control errors in the differential gearing is self- 
evident, especially in such precision instruments as this 
automatic pilot aileron and elevator control assembly. 
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Pinions operating on floating strut member are free to 
center and align properly with each ring gear, allowing 
for complete removal of backlash 
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Efficiency of Gas Turbines 
Must Be Increased! 


NE OF the most recent developments in prime 
power sources, the gas turbine, has gained wide 
acclaim and much popular appeal. However, it hy 
been frankly indicated by such builders as Alls. 


Chalmers Mfg. Co. that the potentialities of the new prim 





mover have not yet been completely realized. A great 
deal more of the extensive engineering effort already ap- 
plied must still be put into development. 

A representative unit, for example, produced a total 
output of 6500 horsepower. Five thousand horsepower of 
this output was consumed in the operation of the con- 
pressor. The balance, 1500 horsepower, was availabk 
for operation of a generator. Consequently, only 23 per 
cent of the total developed horsepower was available to 
be put to work, the remaining 77 per cent being co 
sumed in maintaining the operating cycle. Increased ef 
ficiency within the unit thus appears to be the answer. 

Some engineering expedients which have been evolvel 
for increasing the efficiency of a gas turbine are shown il 
the accompanying illustration. The heat exchanger it 
creases the thermal efficiency by utilizing the high tem 
perature of the exhaust gases. Air, drawn through the 
exchanger, enters the combustion chamber at 475 de 
grees rather than the former 375 degrees without an e& 
changer. Thus, waste heat is partially reclaimed in the 
cycle and less fuel is required to heat the air to the neces 
sary operating temperature of 1000 degrees. 

Use of a second combustion chamber and _ turbine & 
another way found to increase the efficiency. The hig 
pressure turbine (No. 1) supplies power to the compress 
only. Exhaust from the first turbine is reheated in te 
second combustion chamber to proper inlet temperattlt 
and then used to operate the low-pressure turbine. The 
entire output of the second turbine is then available for 
work to be done. 

Reduction in the horsepower needed to operate the 
compressor affords the third approach to increased eff 











ciency. A regenerative reheat cycle using a two-slif 
compressor with an intercooler is capable of increasilé 


the thermal efficiency to 30 per cent in the compressilt 


cycle with turbine inlet temperature of 1200 degrees: 
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Torrington Needle Bearings Double Life on 
‘(Wrist Pins of Homelite Portable Generators 



















ady ap- 
a total The wrist pin bearing of a gasoline engine always 
owe takes a beating! To give maintenance-free operation 
under the impact and stress of extreme service con- 
1 ditions, it must have ample capacity, adequate lubri- 
vailabl cation, and be designed for long life. 
93 per Two DC Type Torrington Needle Bearings in the 
lable to wrist pin end of the connecting rod of Homelite 
Portable Generators were found to give double the 
me service life in this application. 
ased ef Can the use of these compact, low-cost, anti- 
\swel. friction bearings increase the performance, improve 
evolvel the efficiency or lengthen the service-life of your 
; equipment? Our engineering staff will be glad to 
hown it review the matter with you and, if indicated, to work 
nger with you in selecting the size and type to meet your 
gh tem design requirements. Write us today. Or, if you wish 
ugh the more preliminary information, consult the Torring- 
475 de ton Needle Bearing Catalog No. 30-A. We will 
————— . gladly send you a copy if you do not already have 
t an 4 —— one on hand. 
a the 
pe THE TORRINGTON COMPANY 


Established 1866 
TORRINGTON, CONN. + SOUTH BEND 21, IND. 
“‘ Makers of Needle Bearings and Needle Bearing Rollers’”’ 


New York Boston Philadelphia Detroit Cleveland Seattle 
Chicago San Francisco Los Angeles Toronto London, England 
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Push-Pull Circuit Breakers 


ADDED TO THE 
LINE of toggle and 
push-type aircraft 
circuit breakers pro- 
duced by Square D 
Co. Regulator Di- 
vision, 6060 Rivard 
street, Detroit 11, 
the new Class 9311 
Type A_ push-pull 
circuit breaker pro- 
vides both switch- 
ing and protection, 
and guards against 
accidental or care- 
less operation of 
vital circuits. A 
definite pull action is required to open the breaker man- 
ually, providing a means of operation for servicing of air- 
craft on the ground. The manual reset button, black at 
top, is provided with a red hand to indicate trip in day- 
light and a luminescent band in darkness. A bimetallic 
trip element gives time limit protection against small 
momentary overloads, as well as instantaneous protection 
on heavy overloads and short circuit. After tripping, the 
reset button is pushed down to its farthest position for 
resetting. Although these breakers were especially de- 
signed for aircraft use, they are also suitable for boats, 
tanks and other mobile units having power sources up to 
30 volts direct current. 





Differential Variable-Speed Drive 


Cc ONSISTING OF two mechanical differentials and a 
standard variable-speed reducer, the new differential vari- 
able-speed drive of Ohio Gear Co., 1338 East 179th 
street, Cleveland, is available in many ranges for specific 
applications. It uses an 1800 revolutions-per-minute, 


squirrel-cage motor as a source of power, with an output 









New PARTS AND MATERIALS 





speed from 0 to 800 revolutions per minute in one dime 
tion, or from 400 forward through 0 to 400 revolutigy 


per minute in reverse. The distinctive feature of fk 
drive is the fact that torque remains constant through 
out the entire range. Torque capacity of the unit ill» 
trated (No. T3) is 750 inch-pounds, and other units my 
be supplied to provide up to 2100 inch-pounds torgy 
through the same speed ranges. Smaller units as wel 
are available. By means of a control box furnished wih 
the drive, the output shaft can be made to duplicate ay 
movement of the control shaft, which may be operated 
with a few inch-pounds torque. In the two mechanied 
differentials the bevel gears are alloy steel, casehardenel, 
Worms are hardened and ground, and the worm gears ae 
gear bronze. 


Drag Cup Induction Generators 


NEW DRAG CUP induction generators have recent 
been made available by Electric Indicator Co., Stamford, 
Conn., in both base and frame-mounted models, The 
generators consist of a laminator stator-wound two-phase, 
stationary steel pole, and an aluminum cup on the shalt 
rotating between stator and pole. With voltage appliei 








to one of the two stator phase terminals, rotation of tH 
shaft and cup induces voltage at the other terminal, vol 
age being lineal with speed. The torque required fm 
rotation is approximately .25 grains at l-inch radius. Fo 
increased voltage where linearity is not important, a 
per cup may be used. Type 68 has an applied voltage 
115 volts at 60 cycles, alternating current, and gene 
voltage with resistive load 100,000 ohms varies from 4 
volt maximum with cup stationary, to 1.2 volts minim 
at 1000 revolutions per minute, with increase at unild 
rate up to 6000 revolutions per minute. Type 1011 
erates from .15-volt maximum with cup stationary 10# 
volts minimum at 980 revolutions per minute an@ 
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New leather packings, made a new way 


VIM resin-impregnated "V" packings 


have these merits: 


They are molded to shape, so that 
the grain, or smoother side of the 
leather, will contact the cylinder or 
plunger. This reduces friction, as 
compared fo a trimmed O.D.and LD. 
packing whereby the flesh side con- 
tacts the operating surface. 

But that is only one advantage of 
VIM Resin-Impregnated "V" Pack- 
ings, which were originally devel- 
oped for aircraft hydraulic use. 


Its impregnation treatment 

renders it insoluble in, and un- 
affected by, any type of oil medium. 
This filler will not wash out. 

These packings are usable at 
temperatures between minus 65° 
and 180° F., at pressures from zero 
to as high as 60,000 PSI. 

They're long-lived, and are giv- 
ing excellent service on machine 
tools, presses, pumps, and other 
hydraulically operated equipment. 
For design data, write— 


HOUGHTON & CO. 


303 W. Lehigh Ave., Philadelphia 33, Pa. 


CHICAGO SAN FRANCISCO DETROIT 


HOUGHEG Ss ngineered WA. M the Keckings 


MactINE Desicn—January, 1945 








volts at 5600 revolutions per minute. To meet special 


requirements, models can be varied. 


Worm-Gear Speed Reducer 


F ORCED-AIR COOLING is employed in the new worm- 
gear speed reducer of De Laval Steam Turbine Co., 
Trenton, N. J. This cooling removes heat effectively, 
doubling the capacity of the unit for practically all ratios 
and sizes at 1750 revolutions per minute. A fan mounted 
on the worm shaft draws air at high velocity over and 





around heat dissipating ribs upon the air side of the oil 
reservoir housing the gear. Use of a double wall increases 
effectiveness of cooling by confining the cooling air to the 
housing and thus securing close air-to-metal contact for 
maximum heat transfer. 


Multiple Coil Circuit Breakers 


MULTIPLE 
COIL overload cir- 


cuit breakers, in- 
troduced by G-M 
Laboratories _Inc., 


4300 North Knox 
avenue, Chicago 41, 
are designed for 
protection of either 
alternating or direct- 
current circuits. 
They may be 
equipped with as 
many as three sep- 
arate coil windings, making a single unit adaptable for 
protection of equipment designed for operation on different 
voltages. Having no appreciable time lag, they are rec- 
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ommended for use with power vibrators or other ele. 
tronic equipment to open the circuit instantly when a pp 
determined overload occurs. Their small size and light 
weight also makes them suitable for aircraft use or othe 
applications where space or weight is at a premium. Be 
ing equipped with independent “on-off” pushbuttons, th 
breakers can also serve as a manual switch. They ay 
usually factory-adjusted to trip at twice the normal gy. 
rent value with a tolerance of plus or minus 25 per cent 
and are not designed for operation on smaller overloads 
or on closer current tolerances. Contact capacity depends 
on load characteristics. They have been supplied 
handle 6 volts vibrator loads up to 35 amperes normal 
and with circuit-interrupting capacity to 70 ampere, 
Contact capacity is 125 grams minimum on each conta¢, 
Weighing approximately 9 ounces, the breakers can bp 
supplied with coils and all phenolic parts treated to x 
sist fungus growth. 


Aircraft Power Rheostats 


IMIADE IN ACCORDANCE with the latest Army-Nay 
Aeronautical Specifications AN-R-14a (Drawing $155) 
new power rheostats for aircraft have been announced 
by The Ohmite Mfg. Co., 4835 Fluornoy street, Chicago 
44. In addition to features of other rheostats produce 





by the company, the new type has improved control pr 
tection. Light in weight—lighter than the allowable 
weight specified—the rheostats meet the salt-spray co 
rosion and other critical tests, and operate in the tem- 
perature range from —55 to 70 degrees Cent., or -6 
to 158 degrees Fahr. Two sizes are available: Mod 
J in 50 watts, and Model H in 25 watts; linear or tape 
wire-wound, in various resistances, with “off” position ® 
required. Totally enclosed in a compact, corrosion 
sisting metal container, the rheostats are rugged in de 
sign and construction to provide uniform electrical and me 
chanical control under operating conditions of cold, heat 
humidity, altitude, shock, and vibration. 


High Heat-Resistant Resin 


DESIGNATED as HM-122 a new molding compoutl 
of Lucite methyl methacrylate resin—announced by E. I 
du Pont de Nemours & Co. Inc., Wilmington 98, Del— 
combines high heat-resistance with other properties pre 
ously unobtainable. Its ease and economy in handling 
and its faster setting properties when properly heated dhe 
are used, contribute to a shorter molding cycle. Beca® 
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Quality control is one of the 
main features that set Ampco 
apart from ordinary sources 
of bronze — that assure you 
of an engineered alloy un- 


Varying in its properties to-, 


day, next month, or a year 
from now. This uniformity 


is important ‘when ~perform- 


ance of your equipment de- 
pends on material that always 
meets predetermined specifica- 
tions. « Ampco’s laboratory 





Specialists in engineer- 
ing, production, finishing 
of copper-base alloy parts 
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control — a long-established 
feature of Ampco service — 
is carried out by the largest 
corps of technicians in the 
bronze alloy field. 

Ampco also offers you the 
production “know-how” to 
producetoastandard. ¢ Utilize 
the exceptional. properties of 
Ampco Metal in your post- 
war products — it pays! Send 
us your prints for helpful 


suggestions. Ask for bulletins. 
... Ampco Metal, Inc. 
‘Dept. MD-1 
Milwaukee 4, Wisconsin 
© Field Offices 


in Principal Cities 
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of its resistance to breakdown from heat at molding tem- 
peratures, moldings with improved clarity are produced. 
At the present time the entire output of this material is 
allocated to essential uses such as colored caps for switch- 
board light signals, parts for sextants and stethoscopes, 
blackout lenses for military vehicles, relay box covers, 
etc. The moldings possess excellent reflecting properties 
and are free of distortion when molded properly. They 
are available in a wide range of transparent, translucent 
and opaque colors. Other characteristics include light 
weight and toughness. 


Carbon Pile Rheostats 


IMMIANY NEW TYPES and sizes of continuously adjust- 
able carbon rheostats formed of carbon disk piles have 
been developed by Stackpole Carbon Co., St. Marys, Pa. 
By changing the pressure applied to these piles, it is 
possible to obtain other resistance values within their 
range without opening the electrical circuits in which they 
are connected. Pressure may be applied electrically, me- 





chanically, centrifugally or hydraulically. Uses include 
from both generator and line voltage regulator applica- 
tions to speed control through governed field current on 


motors. A carbon disk pile 1% inches long composed of: 


disks .432-inch in diameter permits a resistance range of 
from 60 ohms with 1 ounce pressure to .3 ohms at 32 
pounds pressure. 


Speed Nut Cover Plates 


ORIGINALLY DE- 
SIGNED for patching 
bullet holes in aircraft, 
the new Speed Nut 
cover plates of Tinner- 
man Products Inc., 
2085 Fulton road, 
Cleveland 13, are now 
being used in indus- 
trial applications such 
as removable covers 
for inspection doors, 
access holes and vent 
Roles. They are easily and quickly attached from one 
side by sliding one end of the Speed Nut into the hole, 
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centering the cover plate over the hole and tightening th 
screw. The turnéd-down tab on the cover plate pp. 
vents nut from turning while screw is tightened. Mag 
of SAE 1060 steel, heat-treated and coated with ziy 
chromate primer, the cover plates are available in thre 
sizes to fit a wide range of panel thicknesses and to coye 
holes 29/32, 1% and 1%-inch diameters. Other sizes my 
be ordered. 


Industrial Timer Offered 


HAVING WIDE » 
plication — in plastic 
molding, batch mixing 
heat treating, enamed 
baking, liquid agit. 
tion, pump and co 
veyor operations, food 
cooking equipment, 
etc.—a new manually 
preset interval time 
has been introduced 
by Paragon Electric 
Co., 37 West Va 
Buren street, Chicago 
5. It can be preset to 
allow a given oper- 
tion to continue for 
any predetermined time limit, and to close or open: 
circuit at the end of the preset time. The timer has: 
single-pole, double-throw, fully enclosed switch of 1000- 
watt capacity; two exposed gears, motor pinion ani 
wheel; and a self-starting, slow-speed, synchronous moto. 
No energy is required of clock motor to trip switch at end o 
preset time. The time ranges from 0 to 15 seconds through 
0 to 20 hours. This 2500 series can be mounted to the 
surface of any panel or directly to the surface of the 
equipment the timer is to control. Overall dimensions 
are 47/8 x 31/16 x 2 inches. 











Precipitation-Hardening Alloy 


HAVING EXCEP. 
TIONAL uniformity in 
response to heat treat- 
ment, a new precipi- 
tation-hardening alloy 
has been developed by 
W. M. Chace Co., De- 
troit. The chemical 
analysis is: Copper 60, 
nickel 20, and man- 
ganese 20. It is desig- 
nated as No. 720 man- 
ganese alloy. Although more than half copper, it has? 
silvery color and presents an attractive surface whet 
polished. This corrosion-resistant alloy is a soft, ductile 
metal which can be either hot or cold-formed into shapé 
and then hardened by a low-temperature aging treatmett 
A hardness of 400 Vickers can be obtained by aging eithe 
dead soft or cold-worked material. Physical propert™ 
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Two of the chief applications of electronic tubes in equipment design may be 
named as (1) to rectify electrical current without the use of rotating equipment, 
(2) to provide automatic regulation of speeds, temperature, etc. In the thyratron 
—most versatile of tubes—these functions are efficiently combined. 


Thyratron equipment is employed to operate small d-c motors from an a-c power 
source, and at the same time keep these motors running at the proper speed, 
regardless of varying loads. The thyratron is a gas-filled tube with one or more 
grids to control power with split-second precision. Pioneered by General Electric, 
it performs numerous valuable functions in industry with which design engineers 
may profitably acquaint themselves. 


The many advantages of electronic-tube applications of various types justify a 
thoroughgoing study of such applications in every case where a design is on your 
boards for development. General Electric will be glad to cooperate in this study, 
by providing engineering advice on which you may safely base final construction 
Plans. For general or specific information about G-E electronic tubes and their 
industrial applications, consult your nearest G-E office or distributor. Also ask 
for the illustrated book on “How Electronic Tubes Work.” It is filled with facts 
about the way tubes operate, how they are classified by design and function, 
and the many difficult tasks you may turn over to them with confidence. 
Electronics Department, General Electric, Schenectady 5, N. Y. 


TUNEIN General Electric’s “The World Today” and hear the news from the men who see it 
ppen, every evening except Sunday at 6:45 E.W.T. over CBS network. On Sunday evening listen 
to the G-E “‘All Girl Orchestra” at 10 E.W.T. over NBC. 


NO. 1 IN A SERIES EXPLAINING HOW ELECTRONIC TUBES CAN BE USED TO IMPROVE EQUIPMENT DESIGN 


Current rectification and motor 
control by the THYRATRON 
























THYRATRON GL-3C23 
PRICE $9 


This widely used thyratron is a rectifier- 
regulator, 3-electrode tube of medium 
output—1,250 v (peak inverse) and 1.5 
amp (average). The coated-filament 
cathode is a quick-heating type; only 15 
seconds are required. Exemplifying an 
important industrial use of the thyratron 
group, type GL-3C23 is especially appli- 
cable to motor control circuits. Singly it 
can be used for motors of % to % hp, 
and in pairs for larger motors up to 3 hp 
where 3 amp is required. 


The gas mixture of argon and mercury 
vapor helps to provide constancy over 
an exceptionally wide temperature range 
—from —40 to +80 C—which is impor- 
tant where motors must be started in sub- 
zero weather or function at high tem- 
perature levels. Another feature is uni- 
formity of electrical characteristics. This 
gives assurance of successful operation 
to the design engineer who includes the 
GL-3C23 in his circuits. 


G. E. HAS MADE MORE BASIC ELECTRONIC-TUBE DEVELOPMENTS THAN ANY OTHER MANUFACTURER 


GENERAL @ ELECTRIC 
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corresponding to this hardness are: Tensile strength, 
200,000 pounds per square inch; yield stress for .1 per cent 
offset, 170,000 pounds per square inch; and proportional 
limit 120,000 pounds per square inch. Freedom from 
“drift” and high fatigue strength make the alloy especially 
applicable as a spring material. It is available in all 
forms in which stainless steel is supplied. Cold-rolled 
strip is produced to close thickness tolerances for pre- 
cision spring applications. 


Built-in Type Thermostat 


CLOSER AND QUICKER adjustments are possible 
with a new feature incorporated in the line of SK thermo- 
stats and thermal timers of George Ulanet Co., 88 East 
Kinney street, Newark 5, N. J. No lock nut is necessary 
in the new design. The adjustment screw passes through 








two collinear tapped holes on a U-bracket. This U-bend 
imparts a spring action on the thread of the adjustment 
and prevents its turning by any but manual means. Thus 
a closer adjustment is possible. 


Vibration Mounting Available 


DESIGNERS CONCERNED with eliminating vibration 
and excessive noise will be interested in the new Rexon 
vibration mounting introduced by Hamilton Kent Mfg. 
Co., a unit of U: S. Stoneware, Akron, O. This mount- 
ing utilizes the vibration dampening properties of rubber 
in shear but with no possibility of overloading the shear 





elements. This property stems from the use of a special 
“X” type design of the rubber element which acts in shear 
at the points of the “X” under normal loading, but in com- 
pression when load exceeds the rated capacity of the 
mounting. The mountings, it is claimed, cannot be dam- 
aged by temporary or permanent overloads, and are easily 
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installed without use of special angles, brackets or radiys 
rods, and without increasing the overall height of th 
machine more than 1% to 2 inches. 


Flexible Metallic Packing 


CAPABLE OF withstanding temperatures to 2000 de. 
grees Fahr. and resistant to corrosive gases, alkalies and 
most acids, a new type of flexible metallic packing has been 
announced by Johns-Manville, 22 East Fortieth street 
New York 16. Known as the Inconel packing, its cop. 
struction and toughness make it adaptable to many ip. 
dustrial uses, and will stand up under the conditions exist. 
ing in exhaust systems of airplane engines equipped with 
turbo-superchargers. Made of nickel-chromium-iron alloy 
in wire form, which is first knitted into mesh and then 
braided, the new packing is strong, resilient and nonseal- 
ing and nonmagnetic. It is available in a number of 
styles, including square section packing in coil and tap 
forms, from which ring type gaskets may be formed. Ap 
other packing is made with asbestos fibers interwoven 
with the metallic alloy, serving as a sealing agent. 


Reverse-Current Cutouts 


DESIGNED 10 
PREVENT revers 
flow of current to 
generators in ait 
craft power systems 
utilizing _ batteries 
and generators as 4 
power source, It 
verse-current cit 
outs are now being 
offered by the 
Eclipse-Pioneer Di- 
vision, Bendix Av: 
ation Corp., Teter 
boro, N. J. They provide a lightweight means of auto- 
matically disconnecting generators from electrical systems 
when generator voltage drops below system voltage. The 
cutouts can also operate as generator automatic mail 
switches. Available in four types in various ratings, the 
cutouts operate satisfactorily in any mounting position 
Changes in temperature have a minimum effect on their 
operation. 





High Heat-Resisting Paint 


PRIMARILY FOR use on surfaces subjected to high 
heat, Triple-A paint announced by Quigley Co. Inc., 52 
Fifth avenue, New York 17, offers maximum protection 
and decoration. Metal surfaces to be painted should 
be clean and dry, free from heavy rust, heavy mill scale, 
grease, dust, or other paint or organic matter. The paint 
which is furnished in the proper consistency for use, is 4 
plied in a thin coat, well brushed out. It is then air-dried for 
1% hours. For interior use where moisture conditions 
are normal the paint is ready for service, while where & 
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Dependable <Zccound duty aenused 























STATIC STRENGTH: In this test Simmonds 
push-pull control successfully withstands tensile 
and compressive forces of 400 Ibs. Credit sim- 
plification of design, improved linkage. 




















PRECISION CONTROL: Motion between ten- 
sion and compression is negligible. Before 
endurance test: average—.046”; after—.082”, 
Simmonds are precision-built controls, 


INQUIRIES concerning War Contracts or Post-War problems involving 
push-pull control equipment are invited. Our service engineers will furnish 


dati 


wet Simmonds Push-Pull Controls 





FIRST TO CARRY THE YELLOW DOT 


of Army Air Force Winterization acceptance for opera- 
tion in extreme temperatures is the Simmonds-Corsey 
Push-Pull Control. Comprehensive tests with temperatures 
as low’as minus 72°F. and as high as 160°F. prove 
efficient operation under wide variety of conditions. 


























ENDURANCE: Cycled 30,000 times under 
stress, as illustrated, Simmonds controls are 
not affected in any way, and can be expected 
to outlast the life of unit served. 

















DEFORMATION: AAF specifications call for 
loads ranging from 10 to 50 Ibs. Allowable 
average deformation is .140”. Simmonds con- 


‘trols average only .083”. 


ons. Teleph or write to 





you gladly with analyses and recom 
your nearest Simmonds office. 





SIMMONDS EQUIPMENT FLIES WITH EVERY TYPE OF ALLIED AIRCRAFT 


Automatic Engine Controls — Push-Pull Controls — Spark Plugs 
Hydraulic Accumulators — Hydraulic Fuses — Chr tric Radi d 
Self-Aligning Rod-End Bearings — Fasteners and Clips of Specialized Design 
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30 Rockefeller Plaza, 














EFFICIENCY: Input-oufput ratio of contro! is 
measured at various temperatures in insulated 
chamber. Result: average efficiencies are twice 
the AAF requirements. 








CORROSION: Simmonds controls meet AAF 
specifications for corrosion resistance with 
standard cadmium plated or anodized sur- 
faces. Tube ends are rubber sealed. 





183 





tremely wet conditions prevail, it is necessary to heat the applications, the fastener is being adapted by other indus. 
paint film after application to produce a coating that will tries which called for use of strong metals. The develop. 
not be affected by moisture and render the film insoluble. ment of the brass Rivnut is a first step in that direction, 

Under these conditions the paint film should be heated 
to at least 300 degrees Fahr. When the paint is used 
on exterior surfaces, a heat cure of 500 degrees Fahr. is 
necessary to obtain maximum resistance to weather. For 


Dust-Tight Enclosure 


surfaces continually hot no heat treating is necessary— FOR HOUSING combinations of aircraft control de- 
whether these surfaces are exposed to weather or in- vices, a new standard dust-tight enclosure has been ap. 
terior room exposures. While it is preferable to apply nounced by the Industrial Control division of General Eee. 
coating at normal temperatures, the paint can also be tric Co. The enclosure accommodates various aircraft 
sprayed on hot metal surfaces. Resistance to heat de- control relays and contactors with ratings up to and in 
pends on the surface to which it is applied. On light cluding the G-E 100-ampere aircraft contactor. Com. 
steel, it will adhere under rapid heating and cooling up pletely gasketed, the enclosure is made of aluminum, with 
to 1400 degrees Fahr., on alloy steel, brick, etc., it will 

stand 2500 degrees Fahr. or over. The paint is nonflam- : ary 


mable, non-irritating, and does not give off fumes when 
applied, dried or when subjected to heat or flame. 


Constant Voltage Transformers 


HERMETICALLY SEALED constant-voltage trans- 
formers for through-chassis mounting have been, an- 
nounced by Sola Electric Co., 2525 Clybourn avenue, ! 

Chicago 14. These new transformers are applicable to 

heating and refrigeration controls, television and FM re- cast aluminum end frames. A self-locking latch permits 
ceivers, vacuum tube voltmeters, electronic gaging and * removal of the cover of the enclosure in a vertical direc- 
inspection equipment, photometric instruments and other tion without disconnecting wires or the use of tools, and 
has a provision for wire-locking the enclosure. The end 
plates are adaptable to various sizes “AN” connectors or 
terminal posts. This enclosure is furnished in various 
lengths up to 19 inches, over-all. 





Process for Coating Copper .. 


PROBLEMS IN THE preparation of copper alloys for 
organic finishing have been eased by the new Ebonol ‘C’ 
process of the Enthone Co., Elm street, New Haver, 
Conn. By this method an adherent, nonreactive cupric 
oxide coating on copper alloys is produced that gives at- 
hesion to lacquers, paints and enamels under severe 
weathering conditions. The inert nature of the coating 
preyents reaction between.it and the organic finish. The 
finish obtained by the coating is nap-like, presenting # 
similar applications where regulated supply voltage is re- absorbent base for the paint to be anchored, and is suit 
quired. At a reasonable transformation ratio of input to able for treating copper alloys containing from 60—100 
output the transformers will provide a single output volt- per cent copper. The lower copper alloys are colored 4 
age constant to within +1 per cent of rated requirements mahogany brown and alloys containing more than 65 pe 
eaganctions, of Sine = tage varioticns ig eon 0 “£12 to 15 cent copper are colored black. It is, therefore, not sult 
PEF Sept, ABe a 98 sick aags Ys oot “P = uj able as a base for clear lacquers or for one coating 
votomageet, woe epcte eperetion, aud setpaaire ted. with 2 white pigmented lacquer due to its dark color. Requiring 
separate capacitor for external mounting. <DD> of semietdiey 16 cileies ‘ths Enish i 
applied by immersion of the work in the solution operated 
near 210 degrees Fahr. 
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Fastening Offered in Brass 


IRRECENTLY ANNOUNCED by The B. F. Goodrich Co.., Hose Clamp Announced 

Akron, O., the Rivnut blind fastener, which serves as a 

nut-plate, rivet or both, is now being made of brass as AVAILABLE FROM the Punch-Lock Co., 321 North 
well as aluminum. Tensile and shear-strengths of the Justine street, Chicago 7, the new Punch-Lok hose clamp 
fastening made with the brass alloy have been improved is furnished in diameters from %4 to 48 inches for co® 
considerably. Originally made of aluminum for aircraft necting various kinds of fittings, special nipples, or ordi 
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Drawing from photograph 
furnished by Carnegie - Illinois 
Steel Corporation 


Whether it’s a lifting job that calls for the maneuver- 
ability and operating ease of a lift truck, or a multi- 
ton lift that demands the strength of a giant traveling 
crane—putting tons on the spot is done by effortless, 
finger-tip control, when loads travel on anti-friction 
Torrington Bearings. 

In the application illustrated, the high load 
capacity and compact design of the Torrington 
Type NCS Heavy-Duty Needle Bearings make them 
ideal for installation in the crane’s axle housings. 

Out of the ordinary bearing applications are an 
important part of the service of Torrington’s Bantam 
Bearings Division. Whether you need counsel on 
standard or large, custom-built anti-friction bear- 























ings, consult our engineering staff. 


THE TORRINGTON COMPANY - BANTAM BEARINGS DIVISION 
SOUTH BEND 21, INDIANA 





TORRINGTON BEARINGS 


STRAIGHT ROLLER + TAPERED ROLLER * NEEDLE - BALL 
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nary pipe to hose. All hose, from high-pressure wire- 
woven and braided hose used in controls of hydraulic 
machines, or any flexible coupling between rigid pipe 
lines or fittings for air, steam, etc., to ordinary air and 
water hose, may be fitted with this clamp. In making 
the connection, a broad, flat, high-tensile-strength, galvan- 
ized-steel band is double-wrapped around the joint. After 
tensioning with a pull of 1000 pounds within the lock- 
ing tool, the ends are securely locked together without 
loss of tension within the flat pressed-steel clip, and the 
excess band is cut off, flush with the clip. When the 
clamp is locked, vibration or rough handling will not 
loosen it. The No. 3 clamp with a %-inch band width 
is designed for applications ranging from %4 to 3/16-inch 
diameter hose. Clamps ranging in diameter from 1 to 48 
inches have a band width of %-inch. For electrical ap- 
plications or for splicing ‘flexible welding cable where cor- 
rosion resistance is required, the clamps are available in 
all sizes in a copper base alloy, in preformed or open-end 
type. The latter for lacing around the object where end 
obstructions would prevent use of preformed clamp. 


Small, Light Circuit Breaker 


TERMED THE 
“Breakerette”, the 
new No. 1561 cir- 
cuit breaker of Lit- 
telfuse Inc., 200 
Ong street, El 
Monte, Calif. is in- 
terchangeable_ with 
all 5 A G fuses or 
Navy “midget” size. 
(The 5 A G fuses 
are 1% inches x 13/32-inch diameter, and from 3 to 50 
amperes.) The new circuit breaker is rated at 32 volts 
alternating or direct current, with the snap action capable 
of interrupting short circuits of 100 amperes in ratings up 
to 5 amperes and 2500 amperes in ratings over 5 am- 
peres capacity. Time characteristics of the fuses are 
duplicated electrically. In operation when the bimetal 
releases the pushbutton on which it acts directly, a double 
break of the circuit is effected. Actual breaking distance 
is 5/16-inch. To reset the breaker, the button is pushed 
into its bottom position. Both trip-free and nontrip-free 
features are provided. The case of the small and light 
Breakerette is molded bakelite, while the trip-free shield 
is thermoplastic to permit visual indication. Extreme di- 
mensions are 1% inches x %4-inch. Overall height with 
the trip-free shield is 1% inches. 
hood is 15 grams; while with the hood, the weight is 18 
grams. 








Fuel-Resistant Material 


DEVELOPED BY Los Angeles Standard Rubber Inc.. 
1500 East Gage avenue, Los Angeles, a new Buna N fuel 
resistant stock (233-5) retains a tensile strength of over 
1000 pounds per square inch and an elongation of over 
100 per cent—this after being subjected to aircraft en- 
gine oil at 300 degrees Fahr. for a period of 70 hours. 
The material was developed for oil seals, oil rings and 
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Weight without the. 


other applications requiring resistance to aromatic fuels 
It remains flexible at 40 degrees below zero, and has g 
low compression set. 


Engineering Dept. Equipment 


Printing Machine Announced 


ae )2=SCO LATEST ADEE 
TION to the line of 
electro-copyist ma- 
chines produced by 


Hunter Electr. 
Copyist Ine, 
Duquid _ building, 


Syracuse 2, N. Y, 
is its Model-«No..50. 
With a capacity of 
12 x 18 inches, the 
machine has a width 
of 14% inches, 
length 24% inches and height 8% inches. Weight is ap- 
proximately 25 pounds. The exterior, of seasoned gum 





surface plywood, is walnut stained and lacquered, witha 


bright chrome trim. Lighting is furnished by four 60- 
watt and six 40-watt white lamps. The 60-watt lamps 
are used for making negatives, and both the 60 and 40- 
watt lamps may be used for positive prints. A toggle 
switch controls the lighting, and the period of exposure 
is controlled by a mechanical timer mounted on front of 
the machine. Even pressure surface is maintained by 
tension springs attached to a metal rod, pulled into metal 
hooks attached to the front of the machine. 


Precision Pocket Slide Rule 


N oT A “DURA- 
TION substitute” 
but rather a_pre- 
cision instrument, a 
5-inch pocket slide 
rule is being offered 
by Charles Bruning 
Co., New York. A 
notable feature of 
this rule is the pre- 
cision of its gradua- 
tions which are 
molded in as an in- 
tegral part of the 
rule. To facilitate 
reading, graduations 
and numerals of the CI scale are in red. Three screws i? 
the back provide a single adjustment for tension on the 
slide. The glass indicator, which is easily replaceable, * 
enclosed in a frame of steel that holds it in place. A, 3, 
CI, C, D, K, S, L and T scales are shown on the rule it 
order to adapt it to a wide range of service. The beveled 
edges of the rule are in graduated scales of both inches 
and centimeters. 





MacHine DESIGN—January, 194 








Ou 


gla 


pro 








»ws in 
m_ the 
ble, is 
A, B, 
ule in 
rveled 
inches 














Our metallurgical engineers will be 
glad to discuss your’ production 


problems with you. 


JONES & LAUGHLIN 
STEEL CORPORATION 


PITTSBURGH 30, PENNSYLVANIA 
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Dr. Mervin J. Kelly 


David Sussin 


MEW /. 


of, 





D avin sussIN, in his newly creat- 

ed position as chief of research for 

Kelley-Koett Mfg. Co., has been given 

the responsibility to forecast the fu- 

ture anticipated expansion applicable to X-ray and allied applied science. 
He will devote his efforts to continuing research on engineering, medical 
and industrial techniques to the end that new inventions and innovations 
broadening the scope of X-ray for medical and industrial applications can 
be developed and utilized. Mr. Sussin came “from the ground up” with 
the Kelley-Koett company until he rose to the position of chief engineer, 
which post he held prior to his present appointment. He obtained his 
bachelor’s and master’s degrees in electrical engineering at the University 
of Texas, and later while working for his doctor’s degree in mathematics 
and physics at the university was an assistant on the faculty. 


Mervin J. KELLY, director of research of Bell Telephone Labora- 
tories, New York, has been elected executive vice president of the labora- 
tories. A scientist of distinction, Dr. Kelly has made many improve- 
ments in photoelectric cells for sound pictures, in watercooled tubes 
used for high-power broadcasting,. and in the vacuum tubes for long 
distance telephony. A graduate of the University of Missouri in 1914, 
Dr. Kelly received his doctor of philosophy degree from Chicago in 1918. 
In the same year he entered the Bell Laboratories as a research physicist, 
and in 1930 became vacuum-tube development director. In 1936 he was 
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Jacob Bertschi 


made director of research. He has beet 
in charge of Bell Laboratories’ develop 
ment in the radar and other important 
fields, and is an advisor to the govemr 
ment on technical war projects. 


J ACOB BERTSCHI has been appointed 
chief designer for Carter Motor Oo, 
Chicago, in recognition of his long serv 
ice in the trade and the commercial sig 
nificance of his developments in the field 
of rotary power units. Particularly well 
known for his work in the permanent 
magnet dynamotor field, and mostly 1 
sponsible for the company’s MagMotor 
line, Mr. Bertschi recently developed the 
smallest multi-output dynamotor capable 
of handling any appreciable power. He 
is also credited with the development 


of the hand geneistor, many of which 
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Molybdenum die steels serve particularly well 
where heavy dies require deep hardening. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING Re MOLYBDIC OXIDE, BRIQUETTED OR CANNEDe 
DATA ON MOLYBDENUM APPLICATIONS. FERROMOLYBDENUM e “CALCIUM MOLYBDATE” 
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are seeing active war duty now and which will power 
peacetime expeditionary communications equipment. Born 
in Switzerland, Mr. Bertschi came to America in 1908 
and entered the radio parts design field in 1923. From 
then on he had been active in this industry until he be- 
came associated with Carter Motor Co. in 1942. Essen- 
tially a design executive, Mr. Bertschi is known mostly for 
his intimate knowledge of metals and their uses. 


GrorceE A. MUELLER has been made chief engineer 
and assistant factory manager of Staples Tool & Engineer- 
ing Co., Cincinnati. 

¢ 

Irvinc I. FELDMAN, formerly assistant chief designer 
of Product Engineering Service Co., Detroit, is now a 
partner of Aero-Automobile Engineering, of the same 
city. 

o 

PuHiLLip ALBANESE has become connected with Aerojet 
Engineering Corp., Pasadena, Calif., as development en- 
gineer. Formerly he had been project test engineer for 
Dodge Chicago Plant, Division of Chrysler Corp. 


° 


WILLIAM GOOD. 
MAN, formerly consult- 
ing engineer for the 
Trane Co., has joined 
the staff of the Illinois 
Institute of Technology 
as professor of mechani- 
cal engineering. Mr. 
Goodman, who was as- 
sociated for twelve years 
with the Trane organ- 
ization, has completed 
two decades of experi- 
ence in air conditioning 
and refrigeration, and 
will handle courses in 
these and related fields. 
While with the Trane Co. he designed air conditioning 
equipment and handled special problems in the applica- 
tion of the company’s products to air conditioning systems. 
He also carried on extensive research in heat transfer 
problems and wrote several books on air conditioning. 
Mr. Goodman received his bachelor of science degree in 
mechanical engineering from the Armour Institute of 
Technology in 1942. Soon after graduation he got his 
start in air conditioning by becoming associated with a 
consulting engineer and later working with other Chicago 
engineering firms. He then worked as an independent 
consulting engineer on various types of mechanical and 
electrical equipment. 





” 

CaMERON N. Lusty, who had been chief engineer for 
Lloyd Mfg. Co., Heywood-Wakefield Co., and Mercury 
Aircraft Co., Menominee, Mich., has joined the Frank- 
fort Sailplane division of Globe Corp., Joliet, Ill., as de- 


velopment engineer. 
. 


ELMER RayMonD UR has been appointed design en- 
gineer for Jacobs Aircraft Engine Co., Pottstown, Pa. He 
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had been aircraft engine designer for Pratt & Whitney 
Aircraft Division, United Aircraft Corp. 


Sd 


H. A. Storcu, former design and development g. 
gineer at Harris Products Co., Cleveland, has been mag 
project engineer of Evans Products Co., Detroit. 

’ 


CuarLes W. VAN OVERBEKE las resigned as an jp 
structor in mechanical engineering at Purdue university 
to accept the position of experimental engineer for Ey. 
Cell-O Corp., Detroit. 

+ 
| 


Joun R. Qunvzio left his post as designer with Sterling 
Engine Co., Buffalo, N. Y., to become connected with 
Buffalo Foundry & Machine Co. 

> 


Tuomas T. SCHROETER has been appointed mechan 
ical engineer for the National Advisory Committee for 


Aeronautics, Cleveland. 
& 


C. P. Croco, formerly director of engineering for th 
Federal Machine & Welder Co., Warren, O., has returned 
to Westinghouse Electric & Mfg. Co. as manager of th 
recently formed welding department of the motor division 
at the Trafford, Pa. works of the company. He will # 
sume responsibility for engineering, manufacture and 
sales of welding equipment manufactured at this plant 





* 
Davi J. LirrLe, who had formerly done aeronauticil 
engineering work in Detroit, has recently become aer- 
nautical engineer for Hartwig Aircraft, San Antonio, Tex, 
where he will manufacture helicopters of his own design 
Sd 
Maurice H. Hosss has been appointed manager of the 
engineering department of the switchgear and control d 
vision, Westinghouse Electric & Mfg. Co. Cartes P 
West, a section engineer, has been made manager # 
switchboard engineering, while Witpur C. Fury, 
switchboard engineer, becomes section engineer in switet 


board engineering. 
° 


Joun Orro ALMEN, head of the mechanical depat 
ment No. 1, General Motors Research Laboratories, wa 
recently awarded the Manly Memorial medal by the Se 
ciety of Automotive Engineers for his work in developiit 
methods for increasing working strength of metals. 

+ 

S. L. Eastman, who has been connected with Cleve 
land Worm & Gear Co. since 1927, has been appointed 
chief engineer of the company. Since April, 1942, Mt 
Eastman had been assistant chief engineer. 

. 


Dr. ALEXANDER J. ALLEN has been made Westing- 
house Graduate Professor of Engineering, University of 
Pittsburgh. 

’ 

Pau. M. CurisTENsEN has been added to the staff 
engineers at The Clark Controller Co. Mr. Christens# 
had spent eighteen years with another electrical com 
manufacturer, lately as chief engineer in charge of dev 
opment and design. = 
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Fort Pitt Steel Casting Division 


H. K. PORTER COMPANY, Inc. 


PITTSBURGH 22, PENNSYLVANIA 


Factories: McKeesport, Pa. e Pittsburgh, Pa. e Blairsville, Pa. « Newark, N. J. « New Brunswick,N. J. « Mt. Vernon, Ill 
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pricing and final design. It would seem that valuable § 


° and important work can be done by a coordinating ageney 
Weldment D es! g n since there is splendid opportunity for the compilation 
and 
: correlation of design criteria. 
(Concluded from Page 142) As mentioned, nomenclature is comparatively well de. 


veloped and welding symbols are standardized. By 
many items of specification on a welded machinery part 
are somewhat complex in contrast to those on a casting, 
For example: 


this portion of the weldment would be more costly in 
plate. Fig. 18 is the weldment in which the previously 
shown casting is used. Six such castings or larger ones 
are used in this one piece. 

There is a tendency to utilize standard structural rolled What type of weld joint shall be used and where? 
shapes in machinery weldments though their value as (Much remains to be done in the evaluation of types of 
components is questionable in many instances. This is joints before the basis of this specification is available), 
logical when it is remembered that available rolled shapes What type of electrodes shall be used and where? 
were evolved for an utterly foreign purpose. Hence What method of inspection shall be used and where? 


i 
; : ; ; What are the standards for such inspection? 
their use in machinery p often seems a makeshift. How and to what degree shall the weldment be | 


reduced, lateral stability is increased, and the appearance 
is better. Also, abrupt projections are eliminated, fitting 
and welding are simplified and the transverse member is 
more effective at equal weight. 


Fig. 19 is a typical elementary comparison. The original tested? ) 
design—utilizing I-beams and angles—is shown on the Should it be stress relieved? 
left with the redesign adopted on the right. Welding is What tolerance can be expected and where? ) 


Today the codes and standards of many agencies over- 
lap in the specification of welded machinery parts. It is 
reasonable to assume that none is adequate, for they were 





Special Shapes for Weldments 





It is possible that shape mills will evolve new sections 
as required tonnage develops and if so, the shapes will be 






designed to suit this new function. We operate a small 
tonnage mill which provides rough shapes such as these 
shown in Fig. 20, solely for weldments. Roll cost is low 
but this is essential to the relatively small tonnages re- 
quired. As a result, surface finish is not equal to that of 
the usual shape in quality but the product is well suited 
to its use. This mill has provided added design freedom 
re 
Fig. 20—Above—Rough shapes such as these are rolled B 
for weldments, giving added design freedom for such ¥ } 
components which formerly were machined from solid slabs 
A 
established for other purposes. My conviction is that the J ar 
commercial designer literally has no guiding standards J 4, 
with the exception of nomenclature. It is conceivable that | 
he does at times apply weldments in which faulty design s 
. endangers human life. Common procedure is for the use’ | — 
to rely on the supplier to develop his specifications for 
BR Rag ‘ ’ “me : him, but there is nothing alarming in this if fundamentd 
es eee en Ecce ae erable 
eae . - 4 as Specifications undoubtedly are guided often by equip- 
ment limitations, inventories, geographical location, indi 
through the use of such components, which formerly were vidual experience or the lack of it, or ill-advised convict 
machined from solid slabs. tions. All these can generate a rather chaotic, unste 
Finally, there is the important subject of specifications. bilized condition in the industry, assuming that the pr 
No well-defined trend is as yet developing in the specifi- duction of welded machinery parts properly can be termed 
cation of welded machinery parts, except that progress an industry. Costs and prices are widely divergent ané 
has occurred in nomenclature. Weldments procured by will so remain until fundamental specification standards 
or for government agencies, for instance, are clearly speci- are devised and promulgated. 
fied and type, extent and control of inspection are fairly Much experience and basic information with service 
well developed. On the other hand, specifications on records as a sound foundation exist. Ultimately valuable | o> 
commercial welded machinery parts are too often pretty work will be done in its compilation, correlation and ® | Ty 
general and lean, and this causes discouraging delays in filling of the gaps. 
192 MacHINe DesicN—January, 19] Ma 
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IOPPER-FED SCREWS CAN HAVE 
Boe WASHERS TOO! 









FASTENER 
ATE UNITS 


EIS. ro. on. 


ot 


‘ASSEMBLED SHAKEPROOF 
‘CK WASHER AND SCREW 





@ SEMS FASTENER UNITS FEED PERFECTLY [IN 
MAGAZINE AND HOPPER-TYPE POWER SCREWDRIVERS 


Parts fastened with screws by means of automatic hopper-fed power 

drivers can now have the positive vibration protection of Shakeproof 
lock Washers. Each Sems Unit feeds into the track perfectly because the 
lock washer is held close to the screw head, and yet is free to rotate. 
Because the lock washer can’t drop off, these Sems Fastener Units can SEMIS 








be placed im the hopper just like ordinary screws are handled. FASTENER UNITS 

® Pre-Assembled Shakeproof Lock Washer 
A Shakeproof Engineer is ready to analyze your fastening applications end Screw ... doivered as 6 gingle wah. 
and to advise you regarding the correct type of Sems Fastener Unit : a a er ae 
to be specified for each assembly. Let him show you the many ih nag wasted putting lock wesher on 
advantages of Sems Units—on your own power drivers. Write today @ No chance to “forget” the lock washer. 


—a field engineer will immediately be assigned to help you! @ Easy to handle... assures fast driving. 


sHipker bore. 


Distributor of Shakeproof Products Manufactured by ILLINOIS TOOL WORKS 
2501 North Keeler Avenue, Chicago 39, Illinois 
Plants at Chicago ond Elgin, Illinois 
In Canada: Canada Illinois Tools, Ltd., et oe 


Los Angeles Office roit Office 
5670 Wilshire Bivd., Los one 36, Cal. 2895 E. Grand Bivd., Detroit 2, Mich. 


OTHER SHAKEPROOF PRODUCTS: Shakeproof Lock Washers with Exclusive Tapered-Twisted Teeth; Shakopreof 
Type 1 Thread-Cutting Screws for metals; Shakeproof Type 25 Thread-Cutting Screws for plastics; Shakeproof 
Quick. Fasteners for immediate opening and locking. 
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Cast Metals Handbook 


Published by American Foundrymen’s Association, 

A Chicago; third edition, 765 pages, 6 by 9 inches, flexi- 

\ ble clothbound, available through Macutne DEsicn, 
$6.00 postpaid. 


It is well to recognize that the high speeds, ultra pre- 
cision, and unusual stamina of modern machines, all 
achieved within minimum space and weight requirements, 
are in great measure due to the development and com- 
petent use of better engineering materials. Selecting the 
material most suitable for a given machine part, and de- 
signing the part to take full advantage of the properties 
and characteristics of the material specified, can be ac- 
complished only when the designer really understands 
materials. 

While this thorough understanding of materials is highly 
desirable, not everyone has the time—nor for that matter 
the inclination—to attend engineering-society lectures or 
to ferret from scattered literature the latest information 
available. This being the case, the most logical alternative 
is for someone or some organization to do the ferreting 
and correlating, and to present the most pertinent and 
useful data in the handiest possible form. 

This is precisely what the American Foundrymen’s As- 
sociation has done as regards cast metals in this splendid 
book which is both a fine text and an authoritative ref- 
erence. Its early chapters deal with pattern equipment. 
considerations in casting design, cost estimating, signifi- 
cance of strength and ductility tests, and metallurgy. 
There follows a particularly valuable chapter dealing with 
recommendations to designers of steel castings in which 
the key factors influencing design are comprehensively 
presented. The remainder of the book is devoted to com- 
plete engineering data on all kinds of cast metals, with 
separate and extensive sections dealing with steel, mal- 
leable iron, cast iron and nonferrous alloys. Typical appli- 
cations for the various metals, data on machinability, heat 
treatments, corrosion resistance, etc., are given throughout. 


es eee 
Machine Designer’s Guide 


By K. W. Najder; published by Machine Designer’s 
Guide, Lake Orion, Mich.;: 281 pages, 5% by 87% 
inches, offset printed, clothbound; available through 
Macuine Desicn, $2.75 postpaid. 


This book is primarily a simple and practical reference 
of engineering formulas. It places before the designer, 
under one cover, most of the formulas which have a direct 
bearing on his work. 

Of course the mere presentation of formulas is far from 
the complete story needed to determine and evaluate 
stresses and strains, power losses, accelerations, and the 


194 


a BOOKCASE 


like. It is one thing to be able to handle the mathematics 
involved in utilizing formulas and quite another to know 
how to apply the formulas competently in design. Ty 
assist in this direction, numerous examples are presented 
to show applications of formulas to engineering problems, 

Thus, while this book is not a comprehensive treatise on 
engineering, it does make accessible, in what might be 
termed “finger-tip fashion”, the basic formulas which 
most practising engineers at one time learned but cannot 
readily recall. 


wo i 


Electronics Today and Tomorow 


'\; By John Mills; published by D. Van Nostrand Com- 
pany Inc., New York; 178 pages, 5% by 7% inches, 
clothbound; available through MacutinE Desicn, $2.25 
postpaid. 


If you are not grounded in the basic principles of 
electronics and wish to strike up a speaking acquaintance- 
ship with them, this book should help to clear away the 
veil of mysticism and prepare you for a rational, more ex- 
tensive study should you so desire. 

It has been said that we fear and view with awe only 
those things we do not understand. All the ballyhoo of 
recent years has tended to envelop “electronics” with an 
aura of magic, to an extent that many have come to a 
sume it a science so complex that only a doctor of phil 
osophy can comprehend it. This is not the case. The 
principles of electronics stem from physics as do the prin- 
ciples of electrical engineering. 

This book might be said to take the reader by the 
hand and lead him step by step through the maze o 
atoms, ions, electrons, protons, neutrons, cathodes, anodes, 
grids, photocells and the like, stopping at intervals along 
the way for introductions and informative discussions. 
However, it is not in any sense a technical treatise. It 
contains no mathematics and thus cannot be recommended 
for those interested in advanced phases of the subject 





\/\ Published recently by the Seamless Steel Tube Insti 
tute, an elaborate leather-covered, loose-leaf bound boo, 
“Seamless Steel Tube Data”, gives just about all of the 
information pertaining to such tubing that an engine 
requires. The data presented on mechanical and pret 
sure tubing have been compiled through the collabor® 
tive efforts of many leading producers. In addition © 
these data on available forms, sizes and costs, numer0s 
formulas useful in calculations attendant to the use 
tubing are supplied. It is a well-prepared volume, amply 
illustrated, conveniently indexed, and available at $2.50 
from Seamless Steel Tube Institute, Gulf Bldg., Pittsb 
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‘The POLLAK Version of Keconversion 


Includes the Pooling of Development 


and Designing Experience 


‘Tis Version of Reconversion does 
not include delving into the dream 
world for new product designs but 
rather approaches the problem from 
a practical, down-to-earth stand- 
point. The revolution in materials 
and product design when peace 
comes, may not be as fanciful as 
some reports have stated but the 
lessons in development and design 
for war should be utilized for im- 


proving future consumer products. 


This plan includes necessary in- 
dustrial research and production de- 
velopment to obtain facts and point 
out efficient and economical pro- 


cedure—then comes the blueprint 
stage, followed by working models. 

Working in this manner with 
the sales and engineering staffs of 
American Manufacturers, POLLAK 
has already developed some new 
and needed products, which are 
awaiting V-Day for the start of 
production. 


POLLAK is ready to combine the 
development and designing knowl- 
edge and experience of its engineers 
and technicians with your planning 
staffs—to save time later in the 
reconversion periods. Consultation 
is invited without obligation. 










POLLAK 
PRECISION 
PRODUCTS 





POLLAK MANUFACTURING COMPANY 
cArlington, New Jersey 


DEVELOPING « WELDING * MACHINE WORK ° SPINNING + GAS AND RESISTANCE WELDING 
STAMPING + ELECTRICAL WORK 
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Design Abstracts 


How Heat Affects Rubbers 


EASUREMENTS of the relaxation of stress in thin 
rubber bands held at constant elongation, and 
measurement of the creep of bands supporting a constant 
load, have furnished interesting and valuable information 
about the deterioration of rubber at high temperatures. 
It has been found that in both natural and synthetic rub- 
bers two chemical reactions take place simultaneously at 
high temperatures, changing the structure of the rubber 
network. The first is a reaction which cuts the long chain 
molecules in the rubber, and the other is a reaction in 
which the molecular chains are linked together. Both 
reactions occur in the presence of oxygen, and they are 
constantly competing with each other—each reaction un- 
does the work of the other. 

The cutting reaction tends to make the rubber soft and 
tacky, while the cross-linking reaction tends to make it 
hard and brittle. Whether a rubber softens or hardens at 
high temperatures depends on which of the two reactions 
is the faster. In natural rubber, cutting occurs more rap- 
idly than cross-linking at first but later the rate of cross- 
linking overtakes and passes the rate of cutting. This is 
the reason that natural rubber softens first and then hard- 
ens when it is heated in air at high temperatures. In 
butyl rubber, cutting is always faster than cross-linking 
and so butyl softens in heat aging. In GR-S, the main 
synthetic rubber manufactured by the Government at the 
present time, the rubber molecules are always cross-linked 
more rapidly than they are cut, therefore the rubber be- 
comes hard and brittle if heated for any length of time. 
Buna N type synthetic rubbers also harden in the same 
way. The good heat-aging properties of neoprene are 
not due to unreactiveness of the rubber, because both de- 
teriorative reactions occur very rapidly in neoprene. The 
reason is that the two reactions occur at almost the same 
rate, and so practically cancel each other.—From a paper 
by R. D. Andrews and A. V. Tobolsky, Princeton Univer- 
sity, presented at the recent annual meeting of the 
A.S.M.E. in New York. 


Sealing Against High Pressures 


T WAS FOUND during the development of the General 

Motors diesel engine and injector that, for the best 
combination of fuel consumption and clean exhaust for 
all loads and speeds, the spray tip velocity of the fuel 
entering the combustion chamber during the injection 
period should be about 2300 feet per second at 2100 
revolutions per minute. Only by the use of such velocities 
at high speed was sufficient atomization at low-speed 
full-load operation obtained. Due to the wide speed range 
of 250 to 2100 revolutions per minute, and also to the 
fact that the injection pressure varies as the square of 
the spray tip velocity, resultant injection pressures en- 
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countered are of the order of 40,000 pounds per squar 
inch at top speed. These high pressures during th 
injection cycle impose many difficulties on manufacty. 
ing from the standpoint of making the component pars 
so that they will successfully seal and yet not present 
commercial barrier from the standpoint of cost. 

The high-pressure seals in this injector are of two types 
Flat and cylindrical. The flat high-pressure seals are th 
bushing lower face, spacer, check valve seat, and spray 
tip top face. Satisfactory surfaces on these parts ay 
obtained by surface grinding flat and smooth, leaving 
approximately .00l-inch per side for finish, prior 
hardening and drawing to rockwell C 62 minimum. Afte 
heat treatment the surfaces are rough-lapped to .000l- 
inch over finished size after which each piece is finished 
individually by hand lapping optically flat to within om 
wavelength of sodium light and to a 1% microinch surface 
maximum with a pumice-charged lapping plate. Attemph 
have been made to accomplish this result mechanically, 
but so far are not wholly successful. When thus preparel 
und assembled clean, the regultant compressive load 
plied to the stack of narts in assembly effectively seals the 
pressures encounte red. 






































Requirements of Cylindrical Seals 


Tne cylindrical high-pressure seal is formed by te 
plunger and bushing which must fit so closely togethe 
that to all intents and purposes none of the high-pressur 
fuel is allowed to escape from the bushing chamber 
yet at the same time, fit so freely that when both pat 
are thoroughly cleaned, the bushing will spin on t 
plunger. A seal of this type is considered satisfactty 
when leakage passing the plunger and bushing does mt 
dilute the crankcase oil over 8 per cent in 500 hom 
A minute leakage of this order is so insignificant t 
it has no practical effect on individual injector calibratits 

This seal is obtained by internal centerless grindilg 
the bushing carefully to a tolerance of .0005-inch, after 
it has been hardened and drawn to rockwell C 40 i 
core properties. The bushing is then nitrided to a hardats 
of rockwell superficial 82 minimum, using a 30-kilogm® 
load. Approximately .001-inch is then removed by honig 
to a diametrical tolerance of .0004-inch in any one bushing 
This corrects the vast majority of whatever taper, bel: 
mouth, and bow has been left from grinding. The hol 
is then rough-lapped on special machines using f 
busning holders and cast-iron laps which are adjustal® 
for size by driving them farther on their tapered arbor 
On this operation the holes are held to a tolerance 
.0002-inch in any one bushing. This operation tu’ 
corrects ‘for taper, bellmouth, and bow. The final opt 
ation on the bushing hole is done by hand-lapping 
a lap in a bench reduction motor operating at 550 1 
lutions per minute, and the holé§ are then free ™ 
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mill is evidence of Alcoa’s faith 
for Aluminum Wire, Rod and Bar 


Started as a prewar project, this rolling mill at Alcoa’s 
Massena, New York, plant was rushed to completion to 
make it available for war production. Aluminum alloy 
rod and bar stock rolled here has been an important 
contributor to the war effort. 

As wartime demands slack off, the production of this 

mill will be available to those manufacturers who plan 

big things with aluminum postwar. 
Alcoa has great faith in the future for aluminum 
wire, rod and bar. May we tell you why? Write to 
ALUMINUM COMPANY OF AMERICA,1940 Gulf Bldg., 


Pittsburgh 19, Pennsylvania. 


A Moto ALUMINUM 
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undesirable taper, bellmouth, and bow. The resultant 
surface finish is within one microinch. Finished size of the 
hole is .250 to .251-inch diameter, depending on initial 
size and amount necessary for correction. 

After having been hardened and drawn to rockwell 
C 45 and nitrided to rockwell superficial 82 minimum 
using a 30 kilogram load, the plunger is ground round 
and straight on centers to .0015-inch over a bushing plug. 
plus or minus .00003-inch for diameter, and held to .00002- 
inch for taper. It has been found that those close limits 
more than pay for themselves in subsequent lappiny 
operations. It is then lapped and polish-lapped, enough 
smaller than the plug to give an operating clearance of 
30 to 60-millionths of an inch in the bushing—a working 
tolerance of 30-millionths of an inch, maximum. 

With this technique of manufacture, all close measure- 
ments become external and are easily measured on an 
electrolimit gage. The plunger is a noninterchangeable 
matched fit with the bushing, and will enter the bushing 
only when both pieces have been wiped perfectly clean 
It is interesting to note that if the surface of the plunge: 
is touched even with clean fingers, it will no longer enter 
the bushing freely. During the lapping operations, plung- 
ers and bushings are lapped separately; never together.— 
From a paper by C. W. Truxell Jr., General Motors Corp., 
presented at the national war materiel meeting of the 
S.A.E. in Detroit. 


Developing the Jeep Powerplant 


NE reason for the jeep’s popularity on landing 

beaches, over rough fields, and in all climatic con- 
ditions is its reserve power. The Willys passenger-car 
engine, a 4-cylinder, L-head unit with a 3%-inch bore and 
4%-inch stroke, giving a 134.2 cubic-inch displacement, 
was chosen as the power-plant because it was tooled up 
for production and had been widely tested in actual serv- 
ice in the hands of owners. 

Intensive development work had to be undertaken to 
make the jeep into a thoroughly reliable and sturdy ve- 
hicle. Three examples show what can be accomplished 
with a design by intensive study of the causes for failure 
and using every possible resource of material and design 
that can be employed without changing the basic design 

Example one was the trausmission, which’at first failed 
in the sand test at Fort Meade in approximately 3 hours, 
and which showed bad pitting of teeth on the first-speed 
transmission: gears at the end of 8% to 4 hours, and a 
failure of heedle bearings in the clutch pinion at the end 
of 8 hours. These causes of failure were attacked by 
using floating bushings in the countershaft clutch gear 
instead of pressed-in bushings, and providing adequate oil 
to them; by the use of Amola steel in the cluster gears in- 
stead of nickel steel; by making the constant-mesh clutch 
pinion gear and cluster gear act as an oil pump to supply 
oil to the .needle bearings in the clutch pinion; and by 
raising the oil level in the transmission. Transmission life 
was increased 10 to 1 with these minor changes, lifting 
the whole gearbox out of the danger zone. 

A second example was given in the intensive study of 
the Tracta copstant-velocity type of joint which was used 
in the front axle as optional with the Bendix-Weiss con- 
stant-velocity joint. Here it was found that stress raisers 
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existed in certain sections of the forked ends of the drive 
shafts, which caused failure in from 27,000 to 70,099 
cycles on the fatigue test set-up. By actually reducing 
some of the section where the stress raisers existed, spread. 
ing out the stressed area so that the stresses were leg 
concentrated, and by shot blasting, the life of these mem. 
bers was raised to 200,000 cycles without failure, which 
was considered adequate. 

A third example was the development of the jeep en. 
gine itself which, over a period of two years, underwent 
intensive study in every detail, resulting in changing the 
engine from one which gave 45 horsepower at 3200 revo. 
lutions per minute and an extremely short life on block 
test at wide-open throttle and high speed, to an engine 
which regularly undergoes a life test of 4400 revolutions 
per minute at wide-open throttle for 100 hours without 
failure. These tests and studies. covered changes from 
iron to aluminum pistons; a study of cylinder-head seg. 
tions and stresses, pressure as well as water distribution; 
a study of main bearing loads and the effect of flywheel 
mass and counterweighting; an intensive study of cam 
design and valve-spring design; a study and alterations of 
the method of feeding oil into the bearings and rods; and 
finally a careful analysis of the pneumatics of the engine, 
All of these changes preserved the original tooling of the §j 
engine and were made without interrupting ~its produc 
tion —From a paper by D. G. Roos, Willys-Overland Me 
tors, Inc., at a recent meeting of the Metropolitan section 
of the S.A.E. 





























Oxyacetylene Pressure Welding 


N THE new oxyacetylene pressure-welding pr 
which may be fully or partly mechanized, the parts 
are butted under nominal pressure, heated by means of 
multiple small oxyacetylene flames to a temperature of 
about 1200 degrees Cent. and upset to a controlled de 
gree. The process has special advantages over currently 
used mechanized welding methods, among which are: 
Adaptability to those high-carbon and alloy steels that are 
welded with difficulty by fusion-welding methods; smooth 
ness and uniformity of the completed weld; short welding 
time, and relatively low unit cost. Physical properties of 
these pressure welds are excellent. 

Technically, oxyacetylene pressure welding is known # 
“solid phase welding” because it is a method of joining 
two structural members in which none of the material is 
melted at any time during the welding nrocess. As 9 1 


sult of experiment it has been found that the an 
weld i 










mechanism or method by. which a sound, strong 
obtained, without the melting and fusion usually ass 
ciated with the formation of a weld, comprises atom tran® 
fer across the interface (contacting surfaces of abutting 
members) ‘in accordance with the laws of diffusion, with 
a resultant trans-interface crystallization. Temperature 5 
found to be the dominant factor in the practical applict 
tion of solid phase welding. A temperature of 1050 de- 
grees Cent. appears to be the feasible minimum for steel i 
with a maximum of about 1200 degrees Cent., which i 
well: below the melting point of the lowest melting co® 
stituent of the metal—From a paper by A. B. Kinzel, vice 
president, Electro Metallurgical Co., presented at the 
cent annual meeting of the A.S.M.E. in New York. 
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Will you join us in the conning tower? 


WV is the future of your product after peace comes? How 
keen will your competition be, and what can you do to pre- 
pare against it? Because we have been privileged to assist in the 
improvement of many war machines by means of forgings, we 
have gained a fund of information you will find worth sharing. 

Forged aluminum cylinder heads, forged aluminum pistons, and 
steel cylinder barrel forgings for aircraft engines are among the 
Tube Turns achievements which have been called revolutionary. 
Produced to highest precision standards, in large quantities, with 
accurate heat treating under rigid laboratory control, these prod- 
ucts point the way to a wide range of possibilities for peacetime 
industry. 

Whether you are concerned with the improvement of your pres- 
eat product, or with developing wholly new ideas, the successful 
experience of Tube Turns engineers is available. TUBE TURNS 
(Inc. ), Louisville 1, Kentucky. 


TUBE TURNS Argings for Industry 
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BLACKMER (|- Th 


i PE 5 ge 


ARE HANDLING THESE MATERIALS 


as original equipment on many types 
of liquid-processing machinery and 
as separate units. 


NEW SMALL CAPACITY 
PUMPS 





2/3 to 3-1/2 GPM. Pressures to 125 

Furnished as pump only with 
casing, or as pumping element only. 
Also complete with base and motor 
or for V-belt drive. 


STANDARD POWER PUMPS 


Capacities 5.to 750 GPM. Pressures 
to 500 psi. Temperatures up to 
600°F. For pumping liquids varying 
in viscosity from butane to asphalt. 


ROTARY HAND PUMPS 


Capacities from 1-1/2 to 25 GPM. 
Pressures to 125 psi. Vertical or 
horizontal mounting. 


BLACKMER 
BUCKET DESIGN 
Swinging vane principle makes 
these pumps SELF-ADJUSTING FOR 
WEAR. en the buckets finally 
wear out, a 20-minute replacement 
job restores the pump to normal 

capacity. 


NATION-WIDE 
ENGINEERING SERVICE 


Our engineers are at your call on 
any problem involving pumps. 


Small capacity pump. 





Reduction drive pump. 





Direct-connected pump. 





Rotary hand pump. 
WRITE FOR THESE BULLETINS 


No. NEW-2: Dataand eins on small-capacity pumps. 
No. 306: Facts about Rotary Pumps. 
No. 205: Rotary Hand Pumps. 


BLACKMER PUMP COMPANY 


1970 CENTURY AVE. GRAND RAPIDS 9, MICH. 
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Applying Fatigue Data 


(Concluded from Page 146) 


a= (198) (432) 


| l+- 2) (=-1)] i (12) 


or 





The values of Q, as explained in Example 1, represei 
the ordinates to the diagrams in Fig. 7. Fig. 7 can 
used, therefore, for the design of eccentrically loade 
members, since with Q known Equation 13 can be usd 
for finding the cross-sectional dimensions of the membe, 

In the application of the foregoing equations the de 
signer must not only obtain fatigue stress data but k 
must decide what values to use for the factor of safety, It 
is known that the values for the factor of safety depend 
upon many factors, such as the possible errors in the stres 
analysis for the particular machine member, the extent 
of the variations in the material composition, the influence 
of the fabrication methods used, certain time effects such 
as corrosion, and the seriousness of possible failure of the 
member. There are also certain factors influencing the 
fatigue strength which the designer must consider in 
lecting the factor of safety. 


Factors Influencing the Fatigue Strength 


There are many test variables that influence the fatigue 
strength of materials. A book by the Battelle Memorid 
Institute staff(5) gives a comprehensive discussion 
these. Some of the influences are: 


1. Influence of the number of stress cycles used for 
defining fatigue strength: A value of N = 10" has been 
used commonly for ferrous metals and alloys, whereas 
a higher value of N is used for nonferrous alloys since 
often the stress cycle relation does not approach «0 
asymptote. It should be noted, however, that the valu 
of N selected depends upon the estimated life of te 
member to which the test data are applied. 

2. The effect of rapidity of stress applications: If the 
speeds used are very high, their influence on the fatigue 
strength must be considered, otherwise the influence of 
speed of testing is negligible. 

3. Influence of cold-working: There have been sev- 
eral instances where cold working has been used to it 
crease the fatigue strength of a member. 

4, Effect of heat treatment: Special heat treatments 
have been used to increase fatigue strength. 

5. Influence of residual stresses: Although the mag- 
nitudes of this influence are uncertain, the effect 
residual stresses is an important consideration in the de 
sign of some machine parts. 

6. Effect of overstressing and understressing: By u* 
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ANOTHER MASS-PRECISION ASSEMBLY BUILT 


ulting the Nolce’ Sten 





PRECISION ENGINEERING AND MANUFACTURING FACILITIES FOR MASS PRODUCTION 


“s=-----070 ait Atnplanes Propeller % 


A propeller blade is certainly no place for 
an ice-pack. Neither is a pilot’s windshield. 
Yet every drop of freezing rain that strikes 
these surfaces is potentially ice-forming... 
and dangerous. 

W.H. Nichols & Sons has helped combat 
this natural “enemy” by producing a unique 
precision pump for an anti-icing unit which 
“beats ice to the draw” by spreading a thin 
film of alcohol on these exposed surfaces. 
The mixture of alcohol and rain with its 
lower freezing point quickly flies off as 
harmless vapor instead of turning to ice. 

Metering such a thin fluid as alcohol with 
exact, measured distribution to both en- 
gines in a bi-motored plane presents many 
unusual manufacturing requirements. The 
pump must operate completely without lu- 
bricant to insulate the rubbing surfaces 
from one another. This means fine, flat sur- 
face finishes and strictest dimensional accu- 


racy. Since the whole unit is powered by 
the plane’s limited electrical supply, com- 
plete freedom from binding is essential. 
Nichols mass-produced the close dimen- 
sions required...gears thicknessed to plus 
0” minus .0001”...side plates flat to .0002” 
over 34” length... bores in the centerplate 
held to plus .0002” minus 0”. A high pro- 
duction rate was constantly maintained 
without pre-selection of any parts and the 
cost kept low. 
Such performance is typical of, Nichols’ 
forty years of mass-precision manufactur- 
ing ability. Here unique facilities have been 
developed for producing the “hard” parts. 
Perhaps you have an unusual precision 
problem—part or assembly—which can 
benefit from such a tradition of accuracy 
in mass-production. Talk it over with 
“Accurate” Nichols. 
W.H. NICHOLS & SONS, WALTHAM 54, MASS. 


iad 
Accu GY 
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Faster, more 


efficient operation with 
CANNON D.C. SOLENOIDS 


With Cannon Electric D.C. 
Solenoids you get automatic 
trigger-action. Solenoid pull is 
positive. Cannon Solenoids may 
be operated without damage to 
a maximum temperature of 200 
degrees C. , 

A wide selection of Cannon 
Solenoids are built for various 
combinations of voltages, pull, 
armature travel, duty cycle, etc. 
to suit design requirements. 





Response characteristic charts like 
the above (test at 28 volts) are 
found in Solenoid Bulletin. 


derstressing a specimen is meant subjecting it to repe. 
titions using a safe stress range before testing at 
higher stress range. Many experiments show that the 
fatigue strength is increased by such a treatment. Op 
the other hand, initial overstressing of a specimen de- 
creases the fatigue strength. 

7. Influence of high and low temperatures: With 
high temperatures there is a decrease in fatigue strength, 
while in some cases at low temperatures there is ap 
increase in fatigue strength. 

8. Effect of surface condition: The presence of cor. 
rosive action may appreciably affect the fatigue 
strength. The smoothness of surface and the methods 
used in machining are also important in their effect on 
fatigue strength. 

9. Influence of stress concentration: The machine 
designer must constantly avoid the use of any sharp dis- 
continuities in sections and dimensions of parts and use 
fillets with ample radii to @void high stress concentra- 
tion. Fatigue stress concentration factors have been ob- 
tained(6) for some of the common type discontinuities 
such as bars with holes, and fillets and keyways subject 
to reversed axial and bending loads. 

In selecting the factor of safety the machine & 
signer must consider the foregoing influences and, if po 
sible, estimate the magnitude of these influences on th 
fatigue strength. 


REFERENCES 


1. H. J. Gough—‘“Crystalline Structure in Relation to Failure d 
Metals, Especially = Fatigue,” Proceedings, A.S.T.M., Vol. 8), 
Pages 8-115, 1933; and “The Crystalline Structure of Steel a 
Fracture,” Proceedings, Royal Society (London), A, No. 922, Vo 
165, Page 358, 1938. 

2. R. L. Templin—‘“Fatigue Machine for Testing Structural Units’ 








Nominal voltages are 12 and 24; others by special order. 
Eight types have “holding” features. 

As a reliable means of controlling or operating vari- 
ous devices, they are used for retarding magnetos in 
Starting engines, operating hydraulic valves an? me- 





chanical clutches, firing machine 
guns, arming and releasing 
bombs, dropping auxiliary fuel 
tanks, locking retracting gears, 
film-winding mechanisms and 
for shutter control on special 
cameras. These are only a few of 
the possible applications. 


A copy of the Cannon Electric Sole- 
noid Bulletin— 34 pages of diagrams, 
data and photos of the complete line 
will be sent free for the asking. Ad- 
dress Dept. A-107, Cannon Electric 
Development Co., 3209 Humboldt 
Street, Los Angeles 31, California. 


Also manufacturers of Electrical Connectors 
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CANNON 
ELECTRIC 


Cannon Electric Development Co. 
los Angeles 31, Calif. 


Canadian Factory and Engineering Office: 
Cannon Electric Company, Limited, Toronto 


Representatives in Principal Cities— 
Consult Your Local Telephone Book 








Proceedings, A.S.T.M., Vol. 39, 1939. 

8. H. J. Gough—The Fatigue of Metals, Van Nostrand Co., Inc., Nev 
rE. ce and G. N. Krouse—University of Illinois, Engineerig 
Experiment Station, Circular 28, 1934. 

4. J. O. Smith—The Effect of Range of Stress on the Fatigue Strengh 
of Metals, Bulletin No. $34, Engineering Experiment Station, Un: 
versity of Illinois, 1942, 

5. Battelle Memorial Institute Staff—Prevention of the Failure ¢ 
aaa Under Repeated Stress, John Wiley & Sons, Inc., New Yo, 
1941, 

6. R. J. Roark—Formulas for Stress and Strain, Pages 298-311, Mc 
Graw-Hill Book Co. Inc., New York, 1938. 





Zinc Restrictions Removed 


Restrictions have been modified on the use of ait 
and zinc products as follows: Washing machines, vaculll 
cleaners, sweepers and such equipment has been removed 
from the prohibited list and the use of zinc therein is pé& 
mitted when production is restored. Other items on Listé 
such as automotive trucks, tractors, diesel engines, gas-fired 
stoves and ranges now being manufactured in limited 
quantities may use zinc if the manufacturers desire and 
if there is no restriction in any other WPB order. Fe 
strictions on the use of zinc or zinc products for protectité 
coating or plating (other than paint) except for article 
on List A, are removed. List B has been made up enult 
erating articles for which zine or zinc products may be 
used, and for articles not on either Lists A or B, the qud® 
has been increased from the previous 60 per cent to 8 
per cent for zinc products. Relief from provisions of 
order M-11-b, are limited to such action as may be authit 
ized under Priorities Regulation No. 25 which provides 
for “spot” authorization where it does not interfere 
war production. 
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The lighter weight of magnesium core 


boxes makes them easier to lift and manip- 
ulate. Women core makers, therefore, 
find their work less tiring. Much of the 
usual fatigue slump is avoided. Foundry- 
men report that magnesium core boxes 
stand up well in this service. 


a Ofltable tilta,,/ 
e 
Properties making magnesium so at- 


tractive to foundry operators should make 
it equally valuable for you. Lighter weight 


magnesium tools and equipment require 


MAGNESIUM 
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less effort to do a job. Tasks are more to 
labor’s liking. 

Operators of machines with moving 
parts of magnesium find its lighter weight 
similarly desirable. Because of lower 
inertia, those machines can be safely run 
at higher speeds. There’s less tendency 
to vibrate, less wear and tear. Upkeep is 
reduced. Production is increased. Quality 
of products is higher. 

May we help you adapt magnesium to 
your uses? Aluminum Company of America, 
1703 Gulf Building, Pittsburgh 19, Pa. 
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PLEXATBLE 
COUPLINGS 





made, 


every year a 


Thes 


type of flex 








Write for the new 
Thomas Catalog 
with complete eng- 
ineering data. 








Tue most dependable cou 
Thomas Flexible 
with their five exclusive fe 
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millions of dollars in maintena 
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for your equipment. 


e are the five essential 5 


for a permanent care 
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ible coupling. 
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de longer life 


NO BACKLASH 
NO WEAR 

NO LUBRICATION 
NO THRUST 

FREE END FLOAT 
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“*BUILT TO LAST A LIFETIME’’ 


(HIIMAS THOMAS FLEXIBLE COUPLING CO. 


WARREN, PENNSYLVANIA 





BUSINESS AND 
SALES BRIEFs 













ari of George F. Farley as vice president in 

of sales for Spincraft has been announced by Milwauke 
Metal Spinning Co., Milwaukee. Mr. Farley will be respp 
sible for all sales activity, product development and pop 
war planning. 






. 





Formerly manager of the Seattle office, A. J. Schmitz hy 
been named Pacific regional manager for Allis Chalmers Mi 
Co. with headquarters in San Francisco. He has been agp 
ciated with the company since i914. 






# 





Allegheny Ludlum Steel Corp. has purchased property @ 
209 Beaumont street, St. Louis, from National Refining © 
A district office and warehouse have been established at th 
address. 








o 





Because of the present widespread use of fractional hone 
power motors, Bodine Electric Co. has started construction 
of a two-story addition to the present plant facilities at 20} 
West Ohio street, Chicago. This will increase the preset 
capacity approximately 50 per cent. 





@ 


Celebration of its tenth anniversary has been annound 
recently by Superior ‘Iube Co., manufacturer of seamless aud : 
Weldrawn small metal tubing. 


® 


Victor Failmezger, formerly application and field engines, 
has been made sales manager of Quimby Pump Co. of Newat 
and New Brunswick, N. J., a subsidiary of H. K. Porter © 
Inc., Pittsburgh. 


In 


. Produ 
F cold-y 
Recently announced is the appointment of John G. Davis of the 
of Denver as Colorado representative for Wheelco Instrument 
Co., Chicago. Mr. Olin Phillips of Toledo has been made 
representative in the Northern Ohio territory. The sit Acct 
of Minnesota has been added to the territory covered by L. Ef forged 
Cyrtmus of Milwaukee. upsett 
¥ mum j 
of air 
Plans to double the capacity of the Foamglas plant at Pot made | 
Allegany, Pa., have been made by Pittsburgh Corning Oo? 
in order to handle increasing demands for cellular glass insole 
tion. 


Matic 


4 













Three appointments in the Motor division have been ®f) ¥ 
nounced by General Electric Co. Elliott Harrington, many 
of sales of Schenectady induction motors, has been ® a, 
manager of sales of the newly formed integral-horsepowy, 
alternating-current motor section in Schenectady. In oi™® ine 
of the direct-current motor group since 1936, J. T. Fat 


Us) 
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How would you have it made... 


for maximum strength? . . . for utmost accuracy?.. . 


for best appearance? .. . for lowest cost?.. . 


In every case, the answer would be “By COLD-FORGING” 


Product strength is maximum because’ 
cold-working increases the tensilestrength 
of the metal and also serves as an auto- 
matic inspection of the material. 

Accuracy and appearance of the cold- 
forged product are superior. Modern cold- 
upsetting equipment provides the maxi- 
tum in precision and fine finish. Billions 
of aircraft fastening parts have been 
made by this process. 

Costs are held to a minimum, both by 
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ILIT PK PS LOL of2 7% 
‘| RUSSELL, BURDSALL & aaoaaet BOLT AND NUT COMPANY : 


the high speed of the cold-forging equip- 
ment and by the saving in raw material 
through practically complete elimination 
of scrap. 

When your planning calls for a product 
or part shaped like any of those at the 
right, consider cold-forging, which may 
be not only the dest, but often the one 
efficient method of production. As soon 
as present wartime production require- 
ments are fulfilled — RB&W will be able 


& 





to give you the benefit of its high-pro- 
duction facilities and long experience — 
longest experience in automatic cold-forging. 


Russell, Burdsall & Ward Bolt and Nut 
Company... with factories at Port Chester, 
New York, Coraopolis, Pa., Rock Falls, Ill., 
. . . with sales offices at Philadelphia, Detroit, 
Chicago, Chattanooga, Los Angeles, Portland, 
Seattle . . . with the industry’s most complete, 
easiest-to-use catalog. 
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MOTOR DATA 


| 
E 


4000 FRAME MOTOR 


1/2 HP at 3900 RPM 


The output—the weight—the 
size—of these 4000 Frame Motors are features 
well worth remembering. Every adaptation 
of the standard design is engineered for 
the precise requirements of an aircraft, 
portable, or industrial application. 


ELECTRICAL MECHANICAL 
Series, shunt, or compound-wound Ventilated or enclosed types 
Unidirectional or reversible Base or flange mounting 
Optional torque Operation in any position 
Optional speed Low space factor 
Optimum efficiency Ball bearing equipped 














a For control circuits Optional shaft details 
Electric braking optional © Rugged construction 

| 4000 FRAME MOTORS | $020 | 3020 | 
Watts, Output, Con. (Mox.) | 375 746 
Torque at 3900 RPM = (ft. Ibs.) | .65 1.4 
Torque at 6000 RPM = (ft. Ibs.) 88 
Speed Regulation 8% 
Lock Torque (ft. Ibs.) 2,5 4 

Ee Volts Input (min.) 12 24 
Volts Input (mox.) | 110 110 
Diameter 4” 4" 

& Length Less Shoft 7%"| 7%" 
Shaft Dia. (max.) 625") .625” 
Weight (Ibs.) 9.2 9.2 

















MmACORURNC. 1501 Ww Congress St 


C. MOTORS + POWER PLANTS «= CONVER 




















has been appointed manager of sales of the newly forme 
integral-horsepower direct-current motor section which alg 
is located in Schenectady. D. A. Yates has been namej 
assistant manager of sales of both sections in charge of Lym 
motor sales group and will make his headquarters at th 
Lynn, Mass., River Works. 

. 


Kennametal Inc., Latrobe, Pa., has removed the Detri 
branch to larger offices at 5531 Woodward avenue. Bennett 
Burgoon Jr., who represented the company at Rockford, Il], 
for several years, has been named district manager of the 


new office. 
o 


Reopening of the Chicago sales office in the Engineering 
building, 205 West Wacker drive, has been announced by 
The Beryllium Corp. of Pennsylvania. Thomas E. Neal, grady 
ate engineer, has been named district manager. 


° 


Creative Plastics Corp., manufacturer of terminal stripy 
bushings, etc., has appointed Allied Radio Corp., Chicago, a 
exclusive midwestern distributor. 


7 


According to a recent announcement by Wickwire Spencer 
Steel Co., the general sales offices of the Springs and Formed 
Wire division and the Automotive division have been moved 
to New Bond street, Worcester, Mass. Also located a 
Worcester is the Morgan plant at which the products of thes 
divisions are manufactured. A district sales office of the 
divisions will be continued at 500 Fifth avenue, New ie 18. 

; + ae ‘+ 

Previously sales manager of Bright Light Reflector Co. i 
Brooklyn, Charles E. Scholl has joined Federal Electric Prod- 
ucts Co. Inc. as general sales manager. In his new position 
Mr. Scholl among other duties will direct all sales and take 
charge of warehousing in principal cities from coast to coast 


* 


Succeeding S: ‘H. Gorham -is W. A. Meyer as manager d 
dealer sales for Allis-Chalmers Mfg. Co. Mr. Meyer has been 
associated with the company since 1926. 


. 


Opening of a sales office at 108 North Main street, Soult 
Bend, Ind., has been announced by Cutler-Hammer Ine, 
Milwaukee. Terry Fisher, South Bend representative, hat 
been placed in charge of the new office. 


2 


Connected with the company since 1932, Kenneth McCreary 
has been elected president of Goetze Gasket & Packing 
Inc., New Brunswick, N. J. In this position Mr. McCreaty 
succeeds Frederick Goetze. 


® 


According to a recent announcement, Fred W. Dixon ht 
has joined Cleveland Foundry Co. as sales manager. Mr. 
Dixon had served as sales engineer and assistant sales mar 
ager of the Gunite Foundry in Rockford, Ill., for more tha 


twelve years. 
¢ 


Appointment of the following three field engineers for the 
sale of heat and corrosion-resistant alloy castings has bee 
announced by Sterling Alloys Inc.: John Sonnenfeld, 206 North 
Seventh street, Keokuk, Iowa, will cover Missouri, Weste® 
Iowa, Southern Illinois, Kansas and Nebraska; A. C. Woolley, 
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® Every year brings new achievements in CMP precision — 
cold rolling of strip steel. Mest recent and most remarkable of our - 
precision operations is the rolling of miles of war-important steel stri 
with tolerance of .0002 in. Spurred by the urgency of the need, sh 
undertook what authorities described as humanly impossible: to — 
maintain a practically zero tolerance in cold rolled high tensile 
metal. Neither men nor machines were known able to “mike” 
failingly such extremely close tolerances. CMP is doing it with 
specially constructed equipment, and the armed forces now have | 
one more precision aid to Victory. 
CMP gets the call whenever absolute control of physicals onl 
dimensions must be guaranteed. First to specialize in precision cold 
rolling, CMP now has experience and equipment with a potential of 
even greater accomplishment. CMP precision cold rolled strip steel, 
with its wide range of physicals, choice of finishes, tempers, grades, 
widths and gauges, gives greater yield of parts per ton and protects 
intricate dies and machinery because each shipment is tailored to a 
specific job. Write for a generous test sample. 


3 


PIONEERS OF PRECISION IN COLD-ROLLED STRIP “STEEL 

CALENDAR 1944 
« t j 4 
MIENDAR 1943 
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WILL HELP YOU DO IT IN 1945 


OSCAR W. HEDSTROM CORP. 


4818 


MA 








Sustained post-war employment means large volume 
production of better products at reasonable prices... 
that’s the story. 


@ Many component parts of your post-war prod- 
ucts can be made better, faster, cheaper — with 
OH-38. 


OH-38 Aluminum Alloy—Non-Heat Treated— 
an exclusive product of Hedstrom—is a perfected 
metal with proven superiority in a wide range of 
machining operations. 


Easily machinable—easy on tools—increases 
tooling accuracy—holds threads without stripping. 
Non-corrosive — non-oxidizing — non-magnetic — 
spark-proof—does not require heat treatment— 
will not d or contract. Tensile strength: 
35,000 to 40,000 Ibs. per square inch. Polishes to 
silver mirror Salitidicer<enlben chrome, nickel, or 
tin plating—may be annodized. Has many other 
manufacturing advantages. 


OH-38 is used im castings by Hedstrom. Our 
Pattern Service will supply complete models of parts 


for your new products. Send for technical information. 


All 
4 1 = & 


Vest Division St., Phone Columbus 3667, Chicago, Ill. 


ers of Aluminum, Brass, Bronze anc 
Complete Mechanical Assemblies and Models to Specifications 


High Conductivity Copper Gastings 


n Makers 
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Terminal Sales building, Portland, Oreg., will handle Oregop 
and Washington; and G. Dell, 314 West Bloom street, Louis. 
ville, Ky., will cover Kentucky, and Southern Indiana includ. 


ing Evansville. 
° 


All commutators and other manufactured items previously 
handled by Han-Kor Inc. at 5005 Euclid avenue, Cleveland 
will now be handled by Han-Kor Sales Co. Inc. located g 
1847 West Bethune avenue, Detroit. 


+ 


James E. Norcross has been appointed sales manager by 
Arcos Corp., Philadelphia, which produces special welding 
electrodes. 


. 


According to a recent announcement, Hercules Electric & 
Mfg. Corp. is now located at its new plant and offices at 
2500 Atlantic avenue, Brooklyn 7, N. Y., where expanded 
facilities will better fulfill requirements. 


Plans for the erection of a modem plant on the Pacific 
Coast for the manufacture of laminated plastics—sheets, rods 
and tubes—as well as various coated special materials have 
been announced by Taylor Fibre Co., Norristown, Pa. While 
equipment has been ordered, the exact location of the new 
plant has not yet been determined. 





MEETINGS AND 
EXPOSITIONS 


Jan. 8-12— 

Society of Automotive Engineers Inc. Annual meeting and engineer 
ing display to be held at Book-Cadillac hotel, Detroit. John A. © 
Warner, 29 West Thirty-ninth street, New York, is secretary and gen- 
eral manager. 


Jan. 22-24— 

American Society of Heating and Ventilating Engineers. Fifty-fnt 
annual meeting to be held at Hotel Statler, Boston. A. V. Hutchinson, 
51 Madison avenue, New York, is secretary. 


Jan. 30-Feb. 1— 

_ Institute of the Aeronautical Sciences Inc. Thirteenth annual meet 
ing to be held in New York. Additional information may be obtained 
from headquarters of the institute at 80 Rockefeller Plaza, New York 
Robert R. Dexter is secretary. 


Feb. 26-March 2— 

American Society for Testing Materials, Spring meeting to be held 
at Hotel William Penn, Pittsburgh. Robert J. Painter, 260 South Brosd 
street, Philadelphia, is assistant to the secretary. 


March 6-7— 

Society of the Plastics Industry. Annual conference of the Pacile 
Coast Section to be held at Biltmore hotel, Los Angeles. W. T. Crus®, 
295 Madison avenue, New York, is executive vice president. 


April 4-6— 

Society of Automotive Engineers Inc. National aeronautic meeting 
(Spring) to be held at Hotel New Yorker, New York. John A. © 
Warner, 29 West Thirty-ninth street, New York, is secretary and 
eral manager. 


April 26-27— 

Institute of the Aeronautical Sciences Inc. Spring meeting to ¥ 
held in Detroit. Additional information may be obtained from 
quarters of the institute at 30 Rockefeller Plaza, New York. Robert 2 


Dexter is secretary. 
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When there’s “no other way”...look to 


AWUERIAV 


THE AIR LINES of this Vaill No. 6 
Tube Beading and Flaring Machine 
are made of American Seamless Flex- 
ible Tubing. Four lengths of 34” tub- 
ing connect two ports on each of two 
cylinders with the air control valve. 
A fifth length of 14” tubing carries 
the main air supply to the valve. 

Mr. Joha L. Vaill, president of the 
Vaill Engineering Company, points 
out that, while there is no movement 
in the flexible tubing once it is in- 









American Seam- 
less Flexible Tub- 
ing used in Vaill 
No. 6 Tube Bead- 
ing and Flaring 
Machine. 


Mactine DeEsicGn—January, 1945 


stalled, lack of space made it impos- 
sible to make the connections with 
rigid pipe. The use of preformed 
copper tube was also considered but 
discarded as impractical. Americana 
Seamless Flexible Tubing, as illus- 
trated, is installed regularly in these 
units in less than an hour’s time. 
Whenever you have a problem ia 
conveying liquids or gases, in con- 
necting moving or misaligned parts, 
isolating vibration or in shielding 


SEAMLESS AEM BLE TUBING! 


electric wiring, remember that there 
is an American Metal Hose product 
that will solve your problem. Assist- 
ance of our Technical Department is 
available on request. Write for our 
new 40-page Catalogue, SS-50, de- 
scribing Seamless Flexible Tubing. | 


AMERICAN METAL HOSE BRANCH 
OF THE AMERICAN BRASS COMPANY 
Subsidiary of Anaconda Copper Mining Co. 

General Offices: Waterbury 88, Conn. 


In Canada: ANACONDA AMERICAN ERASS LTD., 
New Toronto, Ont. 











NEW MACHINES- 


And the Companies Behind Them 


Armament 
Machine for reaming nose end of shells, Davis & Thompson Co., 
Milwaukee 14. 
Cleaning 
Precision ball bearing cleaning machine, L & R Mfg. Co., Arling- 
ton, N. J. ° 
Food 
Foodstuff and materials disintegrator, Franklin McAllister Corp., 
Joliet, Ill. 
Mobile canteen, S. Blickman Inc., Weehawken, N. J. 


Industrial 
*Internal gear checker, National Broach & Machine Co., Detroit. 
Photometer for measuring light transmission, General Electric 
Co., Schenectady, N. Y. 
Electronic magnetic fluxmeter, The Higkok Electrical Instru- 
ment Co., Cleveland. 
Portable centrifugal pump, Brady Pump Co., Muncie, Ind. 


Materials Handling 
Combination crane truck, The Elwell-Parker Electric Co., 
Cleveland. 


Lubrication 
Portabie coolant and cutting oil handling and cleaning machine, 
W. R. Carnes Co., Madison, Wis. 


Metalworking 
*Multipurpose, oil-hydraulic bench press, The Denison En- 
gineering Co., Columbus, O. 
Horizontal 3-way machine for boring, Le Maire Tool & Mfg. 
Co., Dearborn, Mich. 
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Hydraulic press for automobile rims, E. W. Bliss Co., Brook. 
lyn 32, N. Y. 


Lightweight air grinder, Madison-Kipp Corp., Madison, Wis, _ 
Cable swager, Standard Machinery Co., Providence 7, R. L © 


Automatic benders, Pines Engineering Co., Aurora, III. 

Automatic machine for squaring, burring, flaring and beading 
ferrous and nonferrous tubing, Leonard Precision Products 
Co., Garden Grove, Calif. 


Mining 
Magnetic separator, Stearns Magnetic Mfg. Co., Milwaukee, 


Powder Metallurgy 
Hydraulic press for briquetting parts, The Watson Stillmay 
Co., Roselle, N. J. 4 


Packaging 
Automatic assembler, The Package Machinery Co., New York” 


Textile 


Combination brushing and folding machine, Rich Bros. 16, 


Somerville, Mass. 


Small capacity spray dryer, Western Precipitation Corp., Los 


Angeles. 


Batch-type shredding and mixing machine, Northmaster Diy, 


Struthers-Wells Corp., Titusville, Pa. 
Tricot dryer, Proctor & Schwartz Inc., Philadelphia 20. 


Testing 


*Fatigue testing machine, Sonntag Scientific Corp., Greenwich, 


Conn. 


Mobile rectifier unit for magnetic testing, W. Green Electrie 


Co., New York. 


Welding 
“Rocker arm spot welder, Sciaky Bros., Chicago 38. 


*Tllustrated on Pages 154-157. 
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